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Essential Mathematics CORE for the Australian Curriculum is the successor to the prior GOLD series. The new name better reflects 
the nature of the series: a set of books that focuses on covering the basics of the curriculum in an accessible, straightforward 
manner. It has been tailored to the Australian Curriculum and is best suited for students aiming to undertake General 
Mathematics, Essential Mathematics or a VET pathway in Years 11 and 12. 


Compared to previous editions, the CORE series features some substantial new features in the print and digital versions of the 
textbook, as well as in the Online Teaching Suite. The main ones are listed below. 


Learning intentions and chapter checklist 


At the beginning of every lesson is a set of learning intentions that describe what the student can expect to learn in the lesson. At 
the end of the chapter, these appear again in the form of a chapter checklist of "I can..." statements; students can use this to 
check their progress through the chapter. Every criterion is listed with an example question to remind students of what the 
mathematics looks like. These checklists can also be downloaded and printed off so that students can physically check them off as 
they accomplish their goals. 


Now you try 


Every worked example now contains additional questions, without solutions, called 'Now you try'. We anticipate many uses of 
these questions, first and foremost to give students immediate practice at what they've just seen demonstrated in a worked 
example, rather than expecting students to simply absorb the example by reading through it. We also anticipate these questions 
will be useful for the teacher to do in front of the class, given that students will not have seen the solution or answer before. 


Modelling activities 


A modelling activity has been added to every chapter, with the goal of familiarising students with using the modelling process to 
define, solve, verify and then communicate their solutions to realistic problems. The activities are scaffolded, and each activity 
begins with a preliminary task and ends with an optional extension task. 


Workspaces and self-assessment 


In the Interactive Textbook, students can complete almost any question from the textbook inside the platform via workspaces. 
Questions can be answered with full worked solutions using three input tools: 'handwriting' using a stylus, inputting text via a 
keyboard and in-built symbol palette, or uploading an image of work completed elsewhere. Then students can critically engage 
with their own work using the self-assessment tools, which allow them to rate their confidence with their work and also red-flag 
to the teacher any questions they have not understood. All work is saved, and teachers will be able to see both students’ 
working-out and how they've assessed their own work via the Online Teaching Suite. 


Note that the workspaces and self-assessment feature is intended to be used as much or as little as the teacher wishes, including 
not at all (the feature can be turned off). However, the ease with which useful data can be collected will make this feature a 
powerful teaching and learning tool when used creatively and strategically. 
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Essential Mathematics CORE for the Australian Curriculum contains working programs that are subtly embedded in the exercises. 
The suggested working programs provide two pathways through the book to allow differentiation for Building and Progressing 
students. 


Each exercise is structured in subsections that match the Australian Curriculum proficiency strands (with Problem-solving and 
Reasoning combined into one section to reduce exercise length), as well as ‘Gold star’ (Ж). The questions* suggested for each 
pathway are listed in two columns at the top of each subsection. 


e Тһе left column (lightest shade) shows the questions in the Building working program. 
e The right column (darkest shade) shows the questions in the Progressing working program. 


Gradients within exercises and proficiency strands 


The working programs make use of two gradients that have Building Progressing 
been carefully integrated into the exercises. A gradient і 

runs through the overall structure of each exercise — where ы ratending = гэ 
there's an increasing level of sophistication required as a 


student progresses through the proficiency strands and | Fluency — Жш о 


then on to the 'Gold Star' question(s) — but also within 

each proficiency strand; the first few questions in Fluency Problem-solving and reasoning 7-9 
are easier than the last few, for example, and the first few 

Problem-solving and reasoning questions are easier than the 


last few. х л. - го 


The right mix of questions 


Questions in the working programs have been selected to give the most appropriate mix of types of questions for each learning 
pathway. Students going through the Building pathway are given extra practice at the Understanding and basic Fluency questions 
and only the easiest Problem-solving and reasoning questions. The Progressing pathway, while not challenging, spends a little less 
time on basic Understanding questions and a little more on Fluency and Problem-solving and reasoning questions.) The Progressing 
pathway also includes the ‘Gold star’ question(s). 


Choosing a pathway 


There are a variety of ways of determining the appropriate pathway for students through the course. Schools and individual 
teachers should follow the method that works best for them. If required, the Warm-up quiz at the start of each chapter can be 
used as a diagnostic tool. The following are recommended guidelines: 


e Astudent who gets 40% or lower should heavily revise core concepts before doing the Building questions, and may require 
further assistance. 

e Astudent who gets between 40% and 75% should do the Building questions. 

e Astudent who gets 75% and higher should do the Progressing questions. 


For schools that have classes grouped according to ability, teachers may wish to set either the Building or Progressing pathways as 
the default pathway for an entire class and then make individual alterations depending on student need. For schools that have 
mixed-ability classes, teachers may wish to set a number of pathways within the one class, depending on previous performance 
and other factors. 


* The nomenclature used to list questions is as follows: 


e 3, 4: complete all parts of questions 3 and 4 e 1-4: complete all parts of questions 1, 2, 3 and 4 

e 10(7): complete half of the parts from question e 2-4(7): complete half of the parts of questions 2, 3 and 4 
10 (a, c, e, ..... or b, d, f, .....) 

e  4(V5), 5: complete half of the parts of question 4 e  —:complete none of the questions in this section. 


and all parts of question 5 


xi 
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PRINT TEXTBOOK FEATURES 
1 


10 


Australian Curriculum: content strands, sub-strands and content descriptions are listed at the beginning 
of the chapter (see the teaching program for more detailed curriculum documents) 


In this chapter: an overview of the chapter contents 


Chapter introduction: sets context for students about how the topic connects with the real world and 
the history of mathematics 


Warm-up quiz: a quiz for students on the prior knowledge and essential skills required before beginning 
each chapter 


Sections labelled to aid planning: All non-core sections are labelled as ‘Consolidating’ (indicating a 
revision section) or with a gold star (indicating a topic that could be considered challenging) to help 
teachers decide on the most suitable way of approaching the course for their class or for individual 
students. 


NEW | earning intentions: sets out what a student will be expected to learn in the lesson 
Lesson starter: an activity, which can often be done in groups, to start the lesson 
Key ideas: summarises the knowledge and skills for the section 


Worked examples: solutions and explanations of each line of working, along with a description that 
clearly describes the mathematics covered by the example. Worked examples are placed within the 
exercise so they can be referenced quickly, with each example followed by the questions that directly 
relate to it. 


NEW Now you try: try-it-yourself questions provided after every worked example in exactly the same 
style as the worked example to give students immediate practice 


2А Review of percentages 67 T4 Сһарќег2 Consumer arithmetic: 


[©] Decrease $8900 Бу 7%. 

Iber out of 100 Solution Explanation 
percentages and vice versa 

227 88900 x 0.93 = $8277.00 100% — 7% = 93% 

Write 93% as a decimal (or fraction) and multiply by 

the amount. 

Remember to put the units in your answer. 


2A Review of percentages 


Example 6 Decreasing by a given percentage 


It is important that we are able to work with percentages 
in our everyday lives. Banks, retailers and governments 
use percentages every day to work out fees and prices. 


3 Now you try 
Decrease $2700 Бу 18%. 
©) Lesson starter: Which option should 


Jamie choose? gj © 2 Decrease 51500 by 5%. b Decrease 8400 by 109. 9 
Jamie currently earns 568 460 p.a. (per year) and is given с Decrease $470 by 20%. 8 Decrease $80 by 15% tint To decrease by 5%, тиру 
a choice of two different pay rises. Which should she e Decrease $550 by 25%, f Decrease $49.50 by 5%. КОЗА 


choose and why? g Decrease $119.50 by 15%. h Decrease $47.10 by 24%. 


Choice А: Increase of $25 per week 


Choice B: Increase of 2% on per annum salary © SOUS NEOLERDETCARCRE Perea UT EE 


The cost price for a new car is $24 780 and it is sold for $27 600. 


b Calculate the percentage profit, to two decimal places 
® A percentage means ‘out of 1007. It can be written using the symbol %, or as a fraction or 
айейтә! Solution Explanation 


= 75% = 15 or 3 
For example: 75 рег cent = 75% = тоу OF 3 or 0.75. 


а Profit = selling price — cost price Write the rule 


8 To convert a fraction or a decimal to a percentage, multiply by 100. x 100 = 5216006524780 Substitute the values апа evaluate; 
5 баяь" =$2820 
8 То convert a percentage to a fraction, write it with a denominator of 100 Fraction — f 
and simplify. Yu b Percentage profit cellier: 100 Write the rule. 
182223 +l 
15% == 
100 20 = 2020 x 100 Substitute the values and evaluate, 
8 To convert a percentage to a decimal, divide by 100. gum =1138% Round your answer as instructed, 
15% =15 + 100=0.15 
Decimal 1% Мон you try 
8 To find a percentage of a quantity, write the percentage as a fraction or a хоо 


Хайн ы лр mue 100 The cost price for a new refrigerator is $888 and it is sold for $997, 
ti К = х. 
lecimal, then multiply by the quantity; i.e. x% of Р = 55x Р dE 10 
b Calculate the percentage profit, to two decimal places. 


Exercise 2A gh 7 Сору and complete the table on profits and percentage profit 


Understanding з Яла E aa [Prom e] ш 49 
1 Complete the following using the words multiply or divide. Ге Pa x 
а To convert a decimal to a percentage by 100. c| sis E 
b To convert a percentage to a decimal by 100. d| S250 $257.50 
€ To convert a fraction to a percentage by 100. e| S300 $5425 
d То convert a percentage to a fraction by 100. t 55.50 $649 
XII 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


11 Working programs: differentiated question sets for two ability levels in exercises 


12 Puzzles and games: in each chapter provide problem-solving practice in the context of puzzles and 
games connected with the topic 


b. Which of the above yields the most interest? 
Problem-solving and reasoning 


21 Comparing interest using technology 113. 


Bl 4 2 find the total amount of the following investments, using technology 
17 $6000 at 6% p.a. compounded annually for 3 years 
J| $6000 at 3% p.a. compounded annually for 5 years 
їй $6000 at 3.4% р.а. compounded annually for 4 years 
iv. $6000 at 10% p.a. compounded annually for 2 years 
у $6000 at 5.7% p.a. compounded annually for 5 years 


Which of the above yields the most interest? 


Find the total amount of the following investments, using 
technology where possible 

i 56000 at 6% p.a. simple interest for 3 years. |. 
П $6000 at 3% p.a. simple interest for 6 years 

lii. $6000 at 3.4% p.a. simple interest for 7 years 

iv $6000 at 10% p.a. simple interest for 2 years 

ч $6000 at 5.7% p.a. simple interest for 5 years 


В © * Determine the total simple and compound interest accumulated on the following. 
1 $4000 at 6% р.а, payable annually for: 
1 lys Ш 2years Ш Syears IV 10 years tut 6h pa pid tends 
per 6 months. 
Hoo at ss pa payable biannually for oe е 
year 2 years years years pir" 


lii $4000 at 6% p.a. payable monthly for: 

1 Lyear M 2years Ш Syears IV 10years 
Would you prefer the same rate of compound interest or simple interest if you were 
investing money and paying off the loan in instalments? 
Would you prefer the same rate of compound interest or simple interest if you were 
borrowing money? 


В 7 2 Copy and complete the following table if simple interest 8 applied 


Principal | Rate | Overall time [ interest [ Amount 
$7000 sys Exc 
57007 Syers 310300 
Tp зун E 
ip зуваз — | S245 
sop | su | зуяз 
sso | sa | 2v | 


b Explain the effect on the interest when we double the: 
1 тае й period iii overall time 


8 ® Copy and complete the following table if compound interest з applied. You may need to use a 
calculator and trial and error to find some of the missing values 


Principal | Rate | Period | Overalltime | interest | Amount 
7000 “Annually 3 years 38750 
57000 “Annually 5years 510500 
59000. 35 | Fortnightly yes 

318000 356 | Fortnightly Тува 


Ф 


Puzzles and games — 119 


3 Find and define the 10 terms related to consumer arithmetic and percentages hidden in this 
wo 


How do you stop а bull charging you? Answer the following problems and match the letters to 
the answers below to find out, 


51947-58533 Lr 
E T 


mme 


Dr Increase 589 by 5% 
w H 


50% 01589) 
1 


[$4.48 to the nearest 5 cents 


R 
108 of $76 
° 


124% of $100 
А 


350 $49.73 
v 


ѕәшеб pue ѕәј22па 


$15 monthly for? years | | 1248 as a decimal 
р K 


Decrease $89 by 5% 31596 + $1242 
c Y 


51094 5360 


$8455 $12.50 $450 5360 


How many years does it take $1000 to double if it is invested at 10% p.a. compounded annually? 


The chance of Jayden winning а game of cards is said to be 5%. How many consecutive games 
should Jayden play to be 95% certain he has won at least опе of the games played? 


13 NEW Chapter checklist: a checklist of the learning intentions for the chapter, with example questions 


14 Chapter reviews: with short-answer, multiple-choice and extended-response questions; questions that 
are 'Gold Star' (extension) are clearly signposted 


Ф 


A 
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CORE Year 10 


Chapter checklist 


A version of this checklist that you can print out and complete сап be downloaded from your Interactive Textbook. 


© | ' t can tind unknown angles in parattet ines. 
2.9. Find the values of the pronumerals in this diagram and give reasons 
for your answers. 


GB |2 ' can prove that two tines are parallel. 
өл Decide, with reasons, whether the given pair of lines are 
parallel. 


1 сап find unknown angles in any type of triangle. 
e.g. Find the value of x in this triangle. 


^ 


1 can use the exterior angle theorem to find 
unknown angles. 

ел. Use the exterior angle theorem to find the value of х in this 
diagram. 


Ex, 
5 I can find an unknown angle in a quadrilateral. Ve п 
e.g. Find the value of inthis quadrilateral. 
105° 100°] 
S 
6 I can find an unknown angle in a special quadrilateral. 
e.g. Find the value of xin this kite, Ч 
4 
Су 
EQ | 7 | can find an angle sum of a polygon and an unknown 1—2 
angle in a polygon. 
ед. Find the value of х in this pentagon after finding the angle sum. y 
b d 
П) | 8 | can find the internal angle in a regular polygon. 


ед. Find the size of an internal angle inside a regular hexagon. 


1 сап choose a test and write a congruence 
statement for a pair of congruent triangles. 
3. Write a congruence statement and the test to prove 
‘congruence for this pair of triangles. 


х TRU T 
4 4| 

11 т 
5 


Ф 


z 
© 
> 
Ф 
ь 
СЭ 
Ф 
2 
о. 
б 
Ке 
о 
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Short-answer questions 


sa 1 A fair 6-sided die is rolled once. Find: 


а Р) b Pr(even) c Prat least 3) 


44 2 Aletter is chosen from the word INTEREST. Find the probability that the letter will be: 
al b E с avowel 
d nota vowel e EorT 


4A 3 Anengineer inspects 20 houses in a street for cracks. The results are summarised in 


this table. 
Number of cracks | 0 | 1 [2 [3 [ 4 
Frequency 315141211 


а From these results, estimate the probability that the next house inspected in the street 
will have the following number of cracks. 
i 0 ii. ii 2 iv 3 v4 

b Estimate the probability that the next house will have: 

at least 1 crack 

по more than 2 cracks 


авс 4 Of 36 people, 18 have an interest in cars, 11 have an interest in homewares and 6 have an 
interest in both cars and homewares. 

а Complete this Venn diagram b Complete this two-way table. 

c c 


6 


Car Homewares 


H 
H 


с State the number of people from the group who do not have an interest in either cars or 
homewares. 

d Ifa person is chosen at random from the group, find the probability that the person will: 
i һауе an interest in cars and homewares 
ib have an interest in homewares only 
ii not have any interest in cars 


aee 5 All 26 birds in an aviary have clipped wings and/or a tag. In total, 
18 birds have tags, 14 have clipped wings and 6 have both clipped 
wings and a tag 
а Find the number of birds that have only clipped wings. 
b Find the probability that a bird chosen at random will have a tag 
only. 


40 — 6 For these probability diagrams, find Pr( 8). 
a 


b p 
* 29 B n E 5 
GG) EN 2 [2/4 

4 3 [6 [9 
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15 


16 


17 


18 


19 


20 
21 


22 
23 


24 


25 
26 


NEW Workspaces: almost every textbook 
question — including all working-out — can 
be completed inside the Interactive Textbook 
by using either a stylus, a keyboard and 
symbol palette, or uploading an image of 
the work 


Question 7. 
An атеке has completed a 5.5 kin run How mary metres did the athiete run? 


NEW Self-assessment: students can then 
self-assess their own work and send alerts 
to the teacher. See the Introduction on page 
x for more information 


Interactive question tabs can be clicked 
on so that only questions included in that 
working program are shown on the screen 


HOTmaths resources: a huge catered 
library of widgets, HOTsheets and 
walkthroughs seamlessly blended with the 
digital textbook 


Desmos graphing calculator, scientific 
calculator and geometry tool are always 
available to open within every lesson 


Scorcher: the popular competitive game 


Worked example videos: every worked 
example is linked to a high-quality video є коле 

demonstration, supporting both in-class NENNEN N nm 
learning and the flipped classroom а 930cm (m!) b 04cm? (тт?) 


A revised set of differentiated auto-marked practice quizzes per lesson with saved scores 


Auto-marked maths literacy activities test students on their ability to understand and use the key 
mathematical language used in the chapter 


Auto-marked prior knowledge pre-test (the ‘Warm-up quiz’ of the print book) for testing the 
knowledge that students will need before starting the chapter 


NEW Auto-marked diagnostic pre-test for setting a baseline of knowledge of chapter content 


Auto-marked progress quizzes and chapter review multiple-choice questions in the chapter 
reviews can now be completed online 
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DOWNLOADABLE PDF TEXTBOOK 


27 In addition to the Interactive Textbook, a PDF version of the textbook has been retained for times 
when users cannot go online. PDF search and commenting tools are enabled. 


ONLINE TEACHING SUITE 


28 Learning Management System with class and student analytics, including reports and communication 
tools 


29 NEW Teacher view of students’ work and self-assessment allows the teacher to see their class's 
workout, how students in the class assessed their own work, and any 'red flags' that the class has 
submitted to the teacher 


30 Powerful test generator with a huge bank of levelled questions as well as ready-made tests 


31 NEW Revamped task manager allows teachers to incorporate many of the activities and tools listed 
above into teacher-controlled learning pathways that can be built for individual students, groups of 
students and whole classes 


32 Worksheets, skillsheets, maths literacy worksheets, and two differentiated chapter tests in 
every chapter, provided in editable Word documents 


33 NEW More printable resources: all Pre-tests and Progress quizzes are provided in printable worksheet 


versions 
i = My text 2 
— This is the portal for you to access all of your add Mim 
— Essential Mathematics Victoria Core 10 лес 
— content. 
Messages Reports Tasks 
Last section accessed o-e-* — 
Chapter 1: Measurement ® 
1A Conversion of units (CONSOLIDATING) 
27/6/2020, 10:29 am Task Manager Competitions Tests 
Dictionary Student book Teacher 
PDF resources 
tm a= LB) 
School classes My classes Bookmarks 
Help Search 
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Essential mathematics: why measurement skills 
are'important | | 


Our lives rely on people who can calculate accurate measurements. Qualified experts design 
and construct our houses, vehicles, water supply systems, and crucially, they grow our food. 
Some examples are below. 


* Everyday users of area calculations include carpet layers, floor tilers, curtain makers, furniture malis 
upholsterers, house painters, landscapers, renovators, carpenters, builders and surveyors. 39 

» Mechanical engineers and sheet metal workers calculate surface areas when designing and кеге} ЛҮ! 
constructing commercial kitchens and air-conditioning ducts. 

* Architects and builders calculate sector areas when designing and constructing steps for a spiral 
staircase. 

• Plumbers calculate water pressures using a pipe's circular cross-sectional area and its volume. 

* Workers in the boat-building trades calculate perimeters, surface areas and volumes when 
constructing and repairing small craft, cruise ships and naval boats. 


In this chapter 


1A Conversion of units 
(Consolidating) 

1B Perimeter (Consolidating) 

1С Circumference (Consolidating) 

1D Area 

1E Area of circles and sectors 

1F Surface area of prisms 

1G Surface area of a cylinder 

1H Volume of solids 

11 Accuracy of measuring 
instruments 


Australian Curriculum 


===га -A : MEASUREMENT 
et a к | Using units of measurement 


Solve problems involving surface 

area and volume for a range of 
prisms, cylinders and composite solids 
(ACMMG242) 


- NUMBER AND ALGEBRA 


Patterns and algebra 


- < Substitute values into formulas to 
determine an unknown (ACMNA234) 


Г : : © Australian Curriculum, Assessment 
"40 апа Reporting Authority (АСАКА) 


TX RnB ea Online resources 


A host of additional online 
resources are included as part 

of your Interactive Textbook, 
including HOTmaths content, video 
demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 
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— ан же 


4 Спарїег1 Measurement 


Name these shapes. Choose from the words trapezium, triangle, circle, rectangle, square, 
semicircle, parallelogram and rhombus. 
с 


-ир quiz 


Write the missing number. 
ал m b ims 


q ILs mL e 0.5km= 


Warm 


Find the perimeter of these shapes. 
a 


3 сш 


Find the area of these triangles using A = lp, 


E 
b 


"m 


6 Use C= zd and A = лг? to find the circumference and area of this circle. Round your answer 
to two decimal places. 


1A Conversion of units 


e To review the metric units of measurement 
e То be able to convert between metric units for length, area and volume 


Key vocabulary: unit, length, area, volume 


To work with length, area or volume measurements, it is 
important to be able to convert between different units. For 
example, timber is widely used in buildings for frames, roof 
trusses and windows, therefore it is important to order the 
correct amount so that the cost of the house is minimised. 
Although plans give measurements in millimetres and 
centimetres, timber is ordered in metres (often referred to as 
lineal metres), so we have to convert all our measurements 
to metres. 

Building a house also involves many area and volume 
calculations and unit conversions. 


o Lesson starter: House plans 


All homes start from a plan, which is usually designed by an architect and shows most of the basic 
features and measurements that are needed to build the house. Measurements are given in millimetres. 


4500 2700 3200 4700 000, 2200 1000 3500 


(0) 


2 DE 
Я 0 MEALS 

BED 1 
T BED 4 LIVING 


100: 
| 
T 


1000 


4500 


2000 
g 
= 
5 
E 
m 

5200 


12 100 


BED 3 RUMPUS 
GARAGE 0 BED 2 


4200 


3100 


6100 


1300, 6500 , 3200 | , 2000 1000, 1700 , 3500 i 3600 
T 221800 T T T 


* How many bedrooms are there? 
e What are the dimensions of the master bedroom (i.e. BED 1)? 
e What are the dimensions of the master bedroom, in metres? 
e Will the rumpus room fit a pool table that measures 2.5 m x 1.2 m, and still have room to play? 
* How many cars do you think will fit in the garage? 
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Key ideas 
® To convert units, draw an appropriate diagram and use it to find the conversion factor. 
For example: 
| 1 km | 
1000 m im |100cm 10 mm 
1 cm? 
10 mm 
100 cm ТОН 
1 km = 1000m 1 m? = 100 x 100 1 cm? = 10x 10 x 10 
= 10000 cm? = 1000 mm? 


8 Conversions: 


Length x1000 x100 


со WM CR аг 


km 


Ме ООО ee UN 


m cm 


+1000 +100 


Area х10002 


кт? 
Хаг 
-10002 


х1002 х102 
m2 cm? 


eS 
+1002 +102 


Volume x10003 «1003 


8 To multiply by 10, 100, 1000 etc. move 
the decimal point one place to the right for 
each zero; 
e.g. 3.425 x 100 = 342.5 


8 To divide by 10, 100, 1000 etc. move the 
decimal point one place to the left 
for each zero; 
e.g. 4.10 + 1000 = 0.0041 


8 107=10x10=100 


100? 2 100 x 100 = 10000 


km? m3 cm? 
hom ш 1000? = 1000 x 1000 = 1000000 
+10003 +1003 3 
10° = 10 x 10 x 10 = 1000 
100? = 100 x 100 x 100 = 1000 000 
10007 = 1000 х 1000 х 1000 
= 1000000 000 
Exercise 1A 
Understanding 1-3 
1 Write the missing numbers in these sentences involving length. 1 km 
a There are m in 1 km. 1000 m 
b There are mm in 1 cm. 
c There are cm in 1 m. 
2 Write the missing numbers in these sentences involving area units. 
a There are mm? in 1 cm?. 1 cm? |10 mm 
b There are cm? in 1 m?. 
c There are m? in 1 km?. LU 
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3 Write the missing numbers in these sentences involving volume units. a ff 
a There are mm? in 1 cm?. | 10 mm 
b There are m? in 1 km?. Lem 
3; 3 10mm 
c There are cm? in 1 m*. 10 mm 


Fluency 


Example 1 Converting length measurements 


Convert these length measurements to the units shown in the brackets. 


a 8.2km (m) b 45mm (cm) 

Solution Explanation 

a 8.2km=8.2 х 1000 | 1 Кт | ] km = 1000m 
= 8200m 1000 m 


Multiply when converting to a smaller unit. 


b 45mm=45 + 10 | 1 cm | 1cm = 10 тт 
-4.5cm тїї 


Divide when converting to a larger unit. 


Now you try 
Convert these length measurements to the units shown in the brackets. 
a 4.6m (cm) b 3200m (km) 


4 Convert the following measurements of length to the units given in 
the brackets. 
a 4.32cm (mm) b 327m (km) c 834ст (m) 
d 0.096 m (mm) e 297.5m (km) f 0.0127 m (cm) 


Hint: When converting to a smaller unit, 
multiply. Otherwise, divide. 


Example 2 Converting area measurements 


Convert these area measurements to the units shown in the brackets. 


a 930cm? (m?) b 0.4cm? (mm?) 
Solution Explanation 
a 930cm?-930 + 10000 1 m? = 100 x 100 
2 
= 0.093 m? eta = 10000 cm? 
100 cm 


When dividing by 10000, move the decimal 
point 4 places to the left. 


Continued on next page 
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b 0.4cm? 2 04 x 100 1 cm? = 10 x 10 
- 40mm? E mm = 100 mm? 
10 тт 
Now you try 


Convert these area measurements to the units shown in the brackets. 
a 320mm? (cm?) b 0.00024 km? (m?) 


5 Convert the following area measurements to the units given in the 


brackets. Hint: 

a 3000cm? (mm?) b 0.5m? (cm?) 1 cm? = 100 mm? 

с 5km? (m?) d 2980000 mm? (cm?) 1m? = 10000 cm? 
e 537cm? (mm?) f 0.023 m? (cm?) 1 km? = 1000000 m? 


Example 3 Converting volume measurements 


Convert these volume measurements to the units shown in the brackets. 


а 3.72cm? (mm?) b 4300cm? (m?) 
Solution Explanation 
a 3.72cm? = 3.72 x 1000 72222 1 cm? 210 x 10 x 10 
= 3720 mm? Mm - 1000 mm? 
1 cm 
10 mm 
10 mm 
b | 4300 cm? = 4300 + 1000000 PN 1 m? = 100 x 100 x 100 
— 0.0043 m? Zen = 1 000 000 cm? 
1m 
100 cm 
100 cm 
Now you try 


Convert these volume measurements to the units shown in the brackets. 


a 0.21 m? (cm?) b 94000 mm? (cm?) 
6 Convert these volume measurements to the units given in the 
brackets. Hint: i: 
a 2ст (mm?) b 0.2m? (cm?) 1cm? = 1000 mm? 
c 5700 mm? (cm?) d 0.015 km? (m3) 1m? = 1000000 cm? 
е 28300000 m? (km?) f 762000 cm? (m?) 1 km? = 1000000000 m? 
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Problem-solving and reasoning 7-9 


7 An athlete has completed a 5.5 кт run. How many metres did the athlete run? 


8 Determine the metres of timber needed to construct the following frames. 


= 
| 


200cm 60cm 


E——— 240 cm ——4 


60 cm 60 cm 60 cm 60 cm 60 cm 60 ст, 140 ст 60 ст, 


9 Find the total sum of the measurements given, expressing your answer in^ нп Convert to the units in 
the units given in the brackets. brackets. Add up to find the sum. 


a 10ст, 18 тт (mm) 

b 1.2 т, 19 cm, 83mm (cm) 

с 453 кт, 258 m (km) d 400 mm?, 11.5 cm? (cm?) 

e 0.3m?,251cm? (cm?) f 0.00003 km?, 9 m2, 37000 000 cm? (02) 
g 482000 mm3, 2.5 cm? (mm?) h 0.00051 km?, 27 300 m? (m3) 


10 A snail is moving at a rate of 43 mm every minute. How many centimetres 
will the snail move in 5 minutes? 


11 Why do you think that builders measure many of their lengths using only 
millimetres, even their long lengths? 


* Special units 


Е 12 Many units of measurement apart from those relating to mm, cm, m and km are used in our society. 
Some of these are described here. 


Length Inches 1 inch = 2.54 cm = 25.4mm 
Feet 1 foot = 12inches = 30.48 cm 
Miles 1 mile = 1.609 km = 1609 m 
Area Squares 1 square = 100 square feet 
Hectares (ha) 1 hectare = 10000 m? 
Volume Millilitres (mL) 1 millilitre = 1 cm? 
Litres (L) 1 litre = 1000 cm? 


Convert these special measurements to the units given in the brackets. Use the conversion 
information given above to help. 


а 5.5 тііеѕ (Кт) b 54іпсһеѕ (feet) с 10.5 іпсһеѕ (cm) 
d 2000m (miles) e 5.7һа (mô f 247cm? (L) 
9 82L (mL) h 5.5m? (mL) i lOsquares (sq. feet) 
j 2m? (D k 1km? (ha) | 152000 mL (т?) 
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1B Perimeter 


e Tobe able to calculate the perimeter of a shape 
e Tobe able to find an unknown length given the perimeter 
Key vocabulary: perimeter 


Perimeter is a measure of length around the outside of a shape. We calculate perimeter when ordering 
ceiling cornices for a room or materials for fencing a paddock or when designing a house. 


© Lesson starter: L-shaped perimeters 


The L-shaped figure on the right includes only right (90°) angles. Only two 
measurements are given. 

e Can you figure out any other side lengths? 

e 151 possible to find its perimeter? Why? 


10cm 


13 cm 


Key ideas 


8 Perimeter is the distance around the outside of a two-dimensional shape. 
e To find the perimeter, we add all the lengths of the sides in the same units. 


ҮЙ! 


8m 
P=4+54+7+8=24m 


5) lan 
e When two sides of a shape are the same length they are labelled with the same markings. 


x 


JP = 25046 04 
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Exercise 1B 
Understanding 1,2 


1 Write the missing word: The distance around the outside of a shape is called the 


2 Write down the value of x for these shapes. 


a | р с 


Fluency 


Example 4 Finding perimeters of basic shapes 


Find the perimeter of these shapes. 


3m 
Sain 2 clan 
5m 
315 «inm dou 
4.5m 
Solution Explanation 


Perimeter = 3+2+4+3.5 Add all the lengths of the sides together. 


= 1.5 «im 


Three lengths have the same markings and 


Perimeter = 5+4.5+3 х3 
therefore are the same length. 


= Ig N 
Now you try 
Find the perimeter of these shapes. 
3 т 10 тт 
5m 
8mm 
4m 14.5 mm 
7m 


Cambridge University Press 
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CORE Year 10 


3 ve the perimeter of these shapes. 


3 cm b | 
6 С P 
27 MÀ 
6 Hint: Sides with the ы 
same markings аге 
4m the sang length. 
7m 
c d 3m 
3 km 
5 km 
e f 
6.4 cm 
2.5 m 
2.5 m 


Н 4 Ми the perimeter of these shapes. 


of 


b 
1.3 ст 22 mm 
1.8 cm 17 mm 
1.2 cm 
8mm 
2.4 cm 
18mm 
с d 
220m 
2m 
7m 
185 m 
3m 
2.6 km ` | 
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Problem-solving and reasoning 


Example 5 Finding a missing side length 


Find the value of x for this shape with the given perimeter. 4.5m 
xm 
2.1 m 
3.4m 


Solution Explanation 
4.54+2.14+3.4+x=11.9 All the sides add to 11.9 in length. 
10+x=11.9 Simplify. 
х= 179 Subtract 10 from both sides to find the value of х. 
Now you try 
Find the value of x for this shape with the given perimeter. 10.2 cm 


5 Find the value of x for these shapes with the given perimeters. 


a ` һ 3m с 2mm 
2cm 3 cm 
3m 2 mm 
xm 4mm 
xcm 
5m 


xmm 
Perimeter = 9 cm Perimeter = 13m Perimeter = 14mm 


Hint: Add up all the sides and then 
determine the value of x to suit the 
given perimeters. 


6 Find the value of x for these shapes with the given perimeters. 


a 2m b с 
5m x cm 2x mm 
7m 
xm 


5.3 cm 
Perimeter = 17m Perimeter - 22.9 cm Perimeter = 0.8 mm 
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Example 6 Working with perimeter with three dimensions 


A concrete slab has the measurements shown. 18500 mm 
a Draw anew diagram, showing all the measurements in metres. E - 
р Determine the lineal metres of timber needed to surround it. e GN 


3500 mm 
Solution Explanation 
a 185m Convert your measurements and 
place them all on the diagram. 
16.8 m om 1 т = 100 x 10 = 1000 mm 
2.7m Add or subtract to find the missing 
3.5m measurements. 
b Perimeter = 18.5 + 16.8 - 3.5 -2.7 - 15 14.1 Add all the measurements. 
= 70.6 т 
The lineal metres of timber needed is 70.6 т. Write your answer in words. 


6000 mm 


Now you try 


A concrete slab has the measurements shown. 
a Draw anew diagram showing all the measurements in metres. 


b Determine the lineal metres of timber needed to surround it. 


SS 
12500 mm e 
7 Six concrete slabs are shown below. 
i Draw a new diagram for each with the measurements in metres. 
ii Determine the lineal metres of timber needed for each to surround it. 
8 р 15000 mm 
S» “Обу » 
we ^n RNS 
Re 
d 14600 mm 
16000 mm 
18700 mm 
f 2300 mm 
2500 mm 
8100 mm 
10900 mm 
13 000 mm 
12700 тт 
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8 А rectangular paddock has perimeter 100 m. 
Find the width of the paddock if its length 
is 30m. 


9 The equilateral triangle shown has perimeter 45 cm. Find its side length. 


x cm 


10 Write formulas for the perimeter of these shapes, using the pronumerals given. 
a b ИШ 
l 
d b e 
| > l 


Ж How many different tables? 


could be P = /+ 2w or 
P=a+b+c. 


е y 
Ё à; ©. 
Hint: A formula for perimeter dp 
Z 
f 
S 


11 A large dining table is advertised with a perimeter of 
12m. The length and width are a whole number of 
metres (e.g. 1 m, 2m, ...). How many different-sized 
tables are possible? 


12 How many rectangles (using whole number lengths) have perimeters between 16 m and 20 m, 
inclusive? 
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1С Circumference 


e То know the formula for the circumference of a circle 

e То ре able to find the circumference of a circle 

e То be able to find the circumference of circle portions and simple composite shapes 
Key vocabulary: circumference, pi, radius, diameter, circle 


To find the distance around the outside of 
a circle — the circumference — we use the 
special number called рі (л). Pi provides 
a direct link between the diameter of a 
circle and the circumference of that circle. 
The wheel is one of the most useful 
components in many forms of machinery 
and its shape, of course, is a circle. One 
revolution of a vehicle's wheel moves the 
vehicle a distance equal to the wheel's 
circumference. 


o Lesson starter: When circumference - height 


Here is an example of a cylinder. 

* Try drawing your own cylinder so that its height is equal to the circumference of E o 
the circular top. 

* How would you check that you have drawn a cylinder with the correct 
dimensions? Discuss. 


height 


Key ideas 


8 The radius (r) is the distance from the centre of a circle to a point on the circle. 


8 The diameter (4) is the distance across a circle through its centre. 
— Radius -1 diameter or diameter = 2 x radius 


8 Circumference (C) is the distance around a circle. 
- С-2л х radius 
Eu 
or C 2 л x diameter 
= nd 

- л (pi) is a special number and can be found on 

your calculator. 

It can be approximated by л = 3.142. 
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Exercise 1С 


Understanding 1-3 


1 a The distance from the centre of a circle to its outside edge is called the 
b The distance across a circle, through its centre is called the 
с The distance around a circle is called the 


2 Write the formula for the circumference of a circle using: 
a d for diameter b rfor radius 


3 What fraction of a circle is shown here? 


| "LN | 


Fluency 


Example 7 Finding the circumference of a circle 


Find the circumference of these circles to two decimal places. 


a b 
Solution Explanation 
а Сет Write the formula involving the radius, r. 
2070) Substitute r = 2. 
1257с:т 0200) Round your answer to two decimal places. 
b С-ла Write the formula involving diameter. 
= 75( 2.05) Substitute d = 2.65. 
= 8.33 mm (to 2d.p.) Round your answer to two decimal places. 
Now you try 


Find the circumference of these circles to two decimal places. 
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1С 
кэ 4 Find the circumference of these circles, to two decimal places. 


Н а р c 5km 
Hint: Use C = 27r 2 
or C = zd. / 


19.44 mm_-- 


| C) 
<> 
1.07 Кт 


Example 8 Finding perimeters of composite shapes 


Find the perimeter of this composite shape, to two decimal places. 


3m 
5) [af 
Solution Explanation 
Р-3-5-4 - x 2л(2) Add all the sides, including half a circle. 
=8+27 Simplify. 
= 14.28 m (to 2d.p.) Round your answer as instructed. 
Now you try 


Find the perimeter of this composite shape, to two decimal places. 


m 5 Find the perimeter of these composite shapes, correct to two decimal places. 


a b с 
Hint: Don’t forget to add the straight 
sides to the fraction ($ 1 or à 
8m 10 т 1 ст 4 ст of the circumference. 


(бы 
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Problem-solving and reasoning 


Н 6 David wishes to build a circular fish pond. The diameter of the pond is to be 3 m. 
a How many lineal metres of bricks are needed to surround it? Round your answer to two 
decimal places. 
b What is the cost if the bricks are $45 per metre? (Use your answer from part a.) 


7 The wheels of a bike have a diameter of 1 m. 
a How many metres will the bike travel (to two decimal places) after: 2 
і опе full turn of the wheels? Hint: For one revolution, 
ii 15 full turns of the wheels? 
b How many kilometres will the bike travel after 1000 full turns of the wheels? (Give your answer 
correct to two decimal places.) 


use C = ad. 


m 8 What is the minimum number of times a wheel of diameter 1 m needs to spin to cover a distance 
of 1 km? You will need to find the circumference of the wheel first. Give your answer as a 
whole number. 


m 9 Find the perimeter of these composite shapes, correct to two decimal places. 


=, 
а һ с р 
79 Hint: Make sure you know the 
radius or diameter of the circle 
you are dealing with. 
1.5 
0.3 
3.6 
d e 3.6 f 
6 | 12 
2.2 
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20 Chapter 1 Measurement 


1C 
EO 10 a Rearrange the formula for the circumference of a circle, C = 2zr, to write r in terms of C. 


F b Find, to two decimal places, the radius of a circle with the given circumference. ав 
i 35cm (>) 
ii 1.85m Hint: To make r the subject, © 
iii 0.27 km divide both sides by 2л. 
= 11 
Н 11 A target is made up of three rings, as shown. 75 А 
а Find the radius of the smallest ring. 
b Find, to two decimal places, the circumference of the: 7C 
i smallest ring Ст 35 ст 
ii middle ring 
iii outside ring 


c If the circumference of a different ring is 80 cm, what would be its Y 
radius, correct to two decimal places? 
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10 Агеа 


Learning intentions 


e To know the formulas for the areas of simple shapes 
e То be able to find the area of simple shapes 
Key vocabulary: area, square, rectangle, triangle, rhombus, parallelogram, trapezium, perpendicular 


In this simple diagram, a rectangle, with side lengths 2 m and 3 m, has an ES 3m = 
area of 6 square metres ог 6 m°. This is calculated by counting the number 
of squares (each measuring a square metre) that make up the rectangle. 

We use formulas to help us quickly count the number of square units 2m 
contained within a shape. For this rectangle, for example, the formula 
A = lw simply tells us to multiply the length by the width to find the area. | 


Агеа= 6 m? 


o Lesson starter: How does A- tbh work for a triangle? 
Look at this triangle, including its rectangular red dashed lines. 
* How does the shape of the triangle relate to the shape of the 
outside rectangle? 
* How can you use the formula for a rectangle to help find the area of the 
triangle (or parts of the triangle)? 


• Why is the rule for the area of a triangle given by A = 5 bh? 


Key ideas 


8 The area of a two-dimensional shape is the number of square units contained within its boundaries. 


® Some of the common area formulas are as follows. 


Square Rectangle Triangle 
112 
1 
1 b 

Area = /2 Area = lw Area = jh 
Rhombus Parallelogram Trapezium 

p № UM a 
20 : : 

ЕА | 
5 
Area = ху Area = bh Area = 14а + Р)л 
8 The ‘height’ in a triangle, parallelogram or trapezium should be perpendicular (at 90°) to 
the base. 
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22 Chapter 1 Measurement 


1,2 2 


1 Match each shape (a-f) with its area formula (A-F). 


a square A A- 190 

b rectangle B A=lw 

с rhombus С A=bh 

d parallelogram D A= la + b)h 
e trapezium E A=P 

f triangle F A= 5 ху 


2 These shapes show the base and a height length. Write down the given height of each shape. 


a 2cm b base 


base 


с d base 


base 
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Example 9 Using area formulas 


Find the area of these basic shapes. 


a b с 
зс 3 ст 
33m: 
7 cm 25 иш mÀ 
К 5.8 m > 

Solution Explanation 
а Area= lw Write the formula for the area of a rectangle. 

=7x3 Substitute the lengths /= 7 and w = 3. 

= 21cm? Simplify and include the units. 
b Агеа = Ма +b)h Write the formula for the area of a trapezium. 

= iG +5)x2 Substitute the lengths a = 3, b = 5 апал = 2. 

-8cm? Simplify and include the units. 
с Area- T bh Write the formula for the area of a triangle. 

- 1 KIBA LA Substitute the lengths b = 5.8 and л = 3.3. 

= 9.57 m? Simplify and include the units. 
Now you try 
Find the area of these basic shapes. 
a b с 

3m 10 ст 
- 12mm > 


3 Find the area of these basic shapes. 


a b 7cm c Hint: First, choose the correct ar 
formula and substitute for each | 
2m 3 cm pronumeral (letter). 


8.4m 
d 7 № ё 7.5mm f im 
^ EN [in 
3m 
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4 Find the area of these basic shapes. 


а һ 10.5 т 6 
2.8 кт 
5cm 52m 


d 03mm e / " f Ын 
4 20 cm 
N 


0.2 mm 1.37 т" 


Problem-solving and reasoning 5-8 


5 A rectangular table top is 1.2m long and 80cm wide. т | ӘӘ 
Find the area of the table top using: Hint: First convert to the units  - 
2 that you want to work with. 

a square metres (m^) 


b square centimetres (cm?) 


6 Two triangular sails have side lengths as shown. Find the total area 
of the two sails. 


Example 10 Applying area formulas 


Christine decides to use carpet to cover the floor of her rectangular 3.5m 
bedroom, shown at right. Determine: 


а the area of floor to be covered 
b the total cost if the carpet costs $32 per square metre 


Solution Explanation 
а Area of floor =/ x w The room is a rectangle, so use A =/ x w to calculate the 
= 3.5x 2.6 total floor space. 
=9.1 m? 
b Cost of carpet = 9.1 x 32 Every square metre of carpet costs $32. 
= $291.20 
Now you try 


Richo decides to lay lawn on his triangular backyard, shown at right. 
Determine: 


а the area of lawn to be laid 
b the total cost if lawn costs $11 per square metre 15m 


Н 7 Jack's shed is to have a flat rectangular roof, which he decides to cover 
with metal sheets. 


a Determine the total area of the roof. 


b If the metal roofing costs $11 a square metre, how much will it cost 
in total? 


m 8 A sliding door has two glass panels. Each of these is 2.1 m high and 1.8m 1.8m 
1.8m wide. 
a How many square metres of glass are needed? 
b What is the total cost of the glass if the price is $65 per 2.1m 
square metre? 


9 A rectangular window has a whole number measurement for its length and width and its area is 
24 m?. Write down the possible lengths and widths for the window. 


10 Determine the area of the houses shown (if all angles are right angles), in square y 2 
metres (correct to two decimal places). Hint: Note that there 


are 1000 mm in 1 m. 


a 
14600 mm 
16000 mm 
] 13000 mm 
18 700 mm 
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1D 11 Find the value of the pronumeral in these shapes, rounding your answer 


to two decimal places each time. = 
Hint: First, write the appropriate 1 
a 5.2 cm b formula and substitute for the area 
and length pronumerals. Then 
im 
w cm solve for the unknown. 

Area 215 cm? Area = 206 m? 

5 d овп 
1.8 km 
Area = 1.3 km? am 
Агеа = 2.5 m? 
е 534mm f 
18 "udi Х 
226 X \ 
Area = 80 т? 
Ж Four ways to find the area of a trapezium — 
12 Find the area of this trapezium using each of the suggested methods. 
a formula A = i Бул b parallelogram and triangle 
2 
| 
ч >= _ > 
4 2 2 
c half-parallelogram d rectangle + triangle 
2. 0 0 2 2 
A | ] 
д 4 2 
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1E Area of circles and sectors 


Learning intentions 


e То know the formula for the area of a circle 

e То be able to calculate what fraction of a circle is represented by a sector 
e То be able to find the area of circles and sectors 

Key vocabulary: sector, circle, radius, diameter, pi 


Like its circumference, a circle's area is linked to the special number р! (л). The area is the product of pi 
and the square of the radius, so А = ar’. 

Knowing the formula for the area of a circle helps us build circular objects, plan water sprinkler systems 
and estimate the damage caused by an oil slick from a ship in calm seas. 


o Lesson starter: What fraction is that? 


When finding areas of sectors, we first need to decide what fraction of a circle we are 

dealing with. This sector, for example, has a radius of 4 cm and a 45° angle. 

e What fraction of a full circle is shown in this sector? 

* How can you use this fraction to help find the area of this sector? A 

e How would you set out your working to find its area? 4cm 


Key ideas 


The formula for finding the area (4) of a circle of radius r is given by the 


equation: А = zr?. 


@ When the diameter (d) of the circle is given, determine the radius before 
calculating the area of the circle: r = d + 2. 


8 А sector is a portion of a circle including two radii. 


@ The angle of a sector of a circle determines the fraction of the circle. A full circle is 360°. 


e This sector is 360 of a circle. 


e The area of a sector is given by A = 300 x лт? 
Exercise 1E 
Understanding 1-3 
1 Which is the correct working step for the area of this circle? 
A А-л(7) B А-2л(7) C А-л(14) 
D А4-1(л7) E А-л(7у 


2 Which is the correct working step for the area of this circle? 


А A-n(10) B А-(л10) 
2 10 cm 
C А-л(5) D A-2n(5) 
E 4= 5л 
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ЛЕ 3 What fraction of a circle is shown by these sectors? Simplify your fraction. 


Example 11 Finding areas of circles 


Find the area of these circles, correct to two decimal places. 


a b 
Solution Explanation 
a A=ar’ Write the formula. 
-(3у Substitute r = 3. 
= Лх Evaluate 3? = 9 and then multiply by л. 


= 28.27 m? (to 2d.p.) 


b Radius r= 1.06 + 22 0.53 km Find the radius, given the diameter of 1.06. 
A- nr? Write the formula. 
= 1(0.53)? Substitute r — 0.53. 
= 0.88 km? (to 2d.p.) Write your answer to two decimal places 
with units. 
Now you try 


Find the area of these circles, correct to two decimal places. 
a b 
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Н 4 Find the area of these circles, correct to two decimal places. 
| © | т) | 

о i 1.02 mm 
H«— 7 Im —» 


Example 12 Finding areas of sectors 


Find the area of this sector, correct to two decimal places. 


DU 


iS 


Hint: Remember: 2 d +2 68) 


Solution Explanation 


Fraction of circle = Gu cT 


A. The sector uses 60° out of the 360° in a 
whole circle. 
Area = i x nr? Write the formula, including the fraction. 
- - x л(10)2 Substitute r = 10. 


= 52.36 m? (to 2d.p.) Write your answer to two decimal places. 


Now you try 


Find the area of this sector, correct to two decimal places. 


m 5 Find the area of these sectors, correct to two decimal places. 
a 


b C Hint: First determine the fraction / Weare, 
аль of a full circle that you аге | 
25m dealing with. 
6m 
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Problem-solving and reasoning 6-8 


Н 6 A pizza with 40 cm diameter is divided into eight equal parts. Find the area of each portion, correct to 
one decimal place. 


Example 13 Finding areas of composite shapes 


Find the area of this composite shape, correct to two decimal places. 


2 cm 
Solution Explanation 
A= Lar) 212) The shape is made up of a semicircle and a triangle. Write the 
formulas for both shapes. 

= ла) + 100) Substitute г = 1, b 2 2and = 2. 

= 1.57074. +2 

= 3.57 cm? (to 2d.p.) Write your answer to two decimal places with units. 
Now you try 
Find the area of this composite shape, correct to two decimal places. E 

4m 5m 
Hint: For Question 7, find the area of | 
each shape that makes up the larger 
. . shape, then add them. For example, 
Н 7 Find the area of these composite shapes, correct to two triangle + semicircle. 
decimal places. 
a b с 
10 т 
3 тт 
4 cm 
L] Ш 
6mm 


Н 8 The lawn area in a backyard is made ир of a semicircular region with diameter 6.5m and a 
right-angled triangular region of length 8.2 m, as shown. Find the total area of lawn in the backyard, 
correct to two decimal places. 


> 


p 
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Em 9 Find the area of these composite shapes, correct to one decimal place. 


a b с Hint: Use addition ог 9 
subtraction, depending 
18m on the shape given. 
5 ст 
1.6m 
e 28 km f i 
< >‘ | 
Ч 
18 Кт ТШ 
A M 
2.5 m T 
26 km 
4.2 MM 
* Circular pastries 
Н 10 A rectangular piece of pastry is used to create small circular 
pastry discs for the base of Christmas tarts. The rectangular piece 
of pastry is 30 cm long and 24 cm wide, and each circular piece 
has a diameter of 6 cm. 
a How many circular pieces of pastry can be removed from the 
rectangle? 
b Find the total area removed from the original rectangle, 
correct to two decimal places. 
c Find the total area of pastry remaining, correct to two decimal places. 
d If the remaining pastry was collected and re-rolled to the same thickness, how many circular pieces 
could be cut? (Assume that the pastry can be re-rolled and cut many times.) 
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1F Surface area of prisms 


Learning intentions 


e To know that the surface area of a solid can be represented using a net 
e То be able to calculate the total surface area of a prism 
Key vocabulary: total surface area, prism, net, cross-section 


The total surface area of a three-dimensional object 
can be found by finding the sum of the areas of each 
of the shapes that make up the surface of the object. 


o Lesson starter: Which net? 


The solid below is a triangular prism with a right-angled triangle as its cross-section. 


4m 


* How many different types of shapes make up its outside surface? 
e What is a possible net for the solid? Is there more than one? 
* How would you find the total surface area? 


Key ideas 
B А prism is a solid with a constant cross-section shape. 


8 То calculate the total surface area (TSA) of a solid or prism: 
* Drawa net (i.e. a two-dimensional drawing that includes all the surfaces). 
* Determine the area of each shape inside the net. 
e Add the areas of each shape together. 


Solid Net 
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Exercise 1F 


Understanding 


1 A two-dimensional drawing of all the faces of a solid is called a 


2 Fora rectangular prism, answer the following. 
a How many faces does the prism have? 
b How many different rectangles form the surface of the prism? 


3 Forthis triangular prism, answer the following. 5cm 
a Whatis the area of the largest surface rectangle? 
What is the area of the smallest surface rectangle? 3 cm ь" 
J 7 cm 


b 
c What is the combined area of the two triangles? 
d What is the total surface area? 


Fluency 


Example 14 Finding the TSA of a rectangular prism 


Find the total surface area (TSA) of this rectangular prism by first 
drawing its net. 


Solution Explanation 


Draw the net of the solid, 
labelling the lengths and shapes 
of equal areas. 


TSA = 2 x area of A +2 x area of B Describe each area. 
+2 x area of С 
=2 x (8 x 3)+2 x (5 x3) 42x (8 x 5) Substitute the correct lengths. 
= 158 cm? Simplify and include units. 
Now you try 


Find the total surface area (TSA) of this rectangular prism by first drawing its net. 
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ЕЭ 4 Find the total surface area (TSA) of these rectangular prisms by first drawing their nets. 
b 


Find the TSA of the triangular prism shown. 


Solution 


1 mm 


Example 15 Finding the TSA of a triangular prism 


Explanation 


10m 


Total surface area 


= 2 x area А + area В +агеа C - area D 


1х3х4 


+(5 x 10) 
-12-30-40--50 
= 132m? 

Now you try 


=2x +(3 x 10) +(4 x 10) 


Find the TSA of the triangular prism shown. 


13 mm 


Draw a net of the object with all the 
measurements and label the sections to 
be calculated. 


There are two triangles with the same 
area and three different rectangles. 


Substitute the correct lengths. 


Calculate the area of each shape. 
Add the areas together. 


dm „тт 
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5 Find the total surface area of the following prisms. 


a 13m b 6m Hint: There are three rectangles i 
and two identical triangles. 
т 6m 4m 
12m 1 


9) 
D. 


(0 


3 
с 3m d 16 ст 
5m 
8m хаш 
е; 10 ст 


с 4 
5 тт 
25 т 
3 тт 
7mm 10m 17 
4 тт 8.66 m 
Problem-solving and reasoning 7-9 


m 7 Acube with side lengths of 8 cm is to be painted all over with bright red paint. What is the total 
surface area that is to be painted? 


m 8 What is the minimum amount of paper required to wrap a 
box with dimensions 25 cm wide, 32 cm long and 20 cm high? 


m 9 An open-topped box is to be covered inside and out with a special material. If Hint: Count both inside 
the box is 40 cm long, 20 cm wide and 8 cm high, find the minimum amount of апд outside but do not 
material required to cover the box. include the top. 


m 10 David wants to paint his bedroom. The ceiling and walls are to be am— у 
the same colour. If the room measures 3.3 m x 4m and the ceiling is 
2.6m high, find the amount of paint needed if: $ 
a each litre covers 10 square metres 
b each litre covers 5 square metres 
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11 Aski ramp in the shape of a triangular prism needs to be painted before the Moomba Classic 
waterskiing competition in Melbourne is held. The base and sides of the ramp require a fully 
Н waterproof paint, which covers 2.5 square metres per litre. The top needs special smooth paint, which 
covers only 0.7 square metres per litre. 


a Determine the amount of each type of paint required. Round your answers to two decimal places 
where necessary. 

b If the waterproof paint is $7 per litre and the special smooth paint is $20 per litre, calculate the 
total cost of painting the ramp, to the nearest cent. (Use the exact answers from part a to help.) 


BR Find the total surface Ec (TSA) of these right к -based pyramids. 


a 8cm 2 | 
сй WX m Hint: T There is one square - ^ : ? 
and four identical and four identical triangles: 


qi Will | have enough paint? 


E 13 | have 6 litres of paint and on 
the tin it says that the coverage 

is 5.5 m? per litre. | wish to 
paint the four outside walls 
of a shed and the roof, which 
has four identical triangular 
sections. 
Will | have enough paint to 
complete the job? 
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1 Convert the given measurements to the units shown in brackets. 
a 9km (т) b 4.5m? (cm?) c l45cm? (mm?) 


ГЭ 2 Find the perimeter of these shapes. 
a b 3m 
5cm 


6m 
3 cm 4 cm 10 т 


ГЭ? 3 A concrete slab is shown below. 
a Draw anew diagram, showing all the measurements in metres. 
b Determine the lineal metres of timber needed to surround it. 


21 200 mm 


12 400 mm 


4500 mm 


4 Find the circumference (C) and area (A) of these circles, correct to two decimal places. 


] | pn | © 
5 Find the area of these shapes. Round your answer to one decimal place in part 0. 


“ОО ш 2025 


а 


-— 
О 
© 
ын 
(D 
0 
Ф 
© 
= 
N 


6 A rectangular kitchen floor is to be replaced with wooden floorboards. If the floorboards 
EB cost $46 per square metre, determine the cost to cover the kitchen floor if its 
dimensions are 4.4 m by 3m. 


7 Find the area (A) and perimeter (P) of the composite shape shown. Round each answer to 
m one decimal place. 


12 т 


13m 


5m 


8 Find the TSA of the following prisms. (Drawing a net may help you.) 
b 
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1G Surface area of a cylinder Ж 


e Tounderstand how the net of a cylinder can be drawn to show the total surface area 
e То know the formula for the total surface area of a cylinder 

e To be able to calculate the total surface area of a cylinder 

Key vocabulary: cylinder, area, prism, circumference, net, cross-section 


Like a prism, a cylinder has a uniform 
cross-section with identical circles as its 
two ends. The curved surface of a 
cylinder can be rolled out to form a 
rectangle that has a length equal to the 
circumference of the circle. 

A can is a good example of a cylinder. 
We need to know the area of the ends 
and the curved surface area in order to 
Cut sections from a sheet of aluminium to 
manufacture the can. 


o Lesson starter: Why 2zrh? 


We can see from the net of a cylinder (see the diagram below in Key ideas) that the total area of the two 
circular ends is 2 x zr? or 2772. For the curved part, though, consider the following. 

e Why can it be drawn as a rectangle? Can you explain this using a piece of paper? 

e Why are the dimensions of this rectangle Л and 2zr? 

e Where does the formula TSA = 27r? + 2zrrh come from? 


Key ideas 


8 A cylinder is a solid with a circular cross-section. 


* The net contains two equal circles and a rectangle. The 
rectangle has one side length equal to the circumference Diagram Net 
of the circle. 

e TSA = 2 circles + 1 rectangle 


= 271? + 2nrh 
* Another way of writing 
2nr?  2zrh is 2rr(r + h). 
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к Exercise 1G 


Understanding 


1 Write the missing word/expression. 
a The shape of the cross-section of a cylinder is a 
b The TSA of a cylinder is TSA = 2лт?+ 


B 2 A cylinder and its net are shown here. 8m € 
<=> 


a What is the value of: СУ 

ir? NT |, " 
b Find the value of 2zr, correct to two decimal places. замнах ji 
с Use TSA = 27r?  2zrh to find the total surface area, correct to 


two decimal places. ® 


Fluency 


Example 16 Finding the surface area of a cylinder 


By first drawing a net, find the total surface area of this cylinder, correct to 
two decimal places. 


Solution Explanation 
1.7m Draw the net and label the appropriate 
lengths. 
Ded} 111 
1.7m 

TSA = 2 circles + 1 rectangle Write what you need to calculate. 

= 2лг^ + 2arh Write the formula. 

= 2n(1.7 + 22(1.7)(5.3) Substitute the correct values: r = 1.7 апал = 5.3. 

= 74.77 m° (to 2 d.p.) Round your answer to two decimal places. 
Now you try 
By first drawing a net, find the total surface area of this cylinder, 1.8 ст 


correct to two decimal places. 


4.6 ст 
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Е 3 By first drawing a net, find the total surface area of these cylinders, to two 
чатан: Hint: Remember that à 


a 8-9 р 10 ст radius = diameter + 2. 
2) 
6 р cm 


Н 4 Use the formula TSA = 2zr? + 2zrh to find the total surface area of these cylinders, to 
one decimal place. 


a 11 ст b 4 / 
ааа == 4m | 
26 cm 12.8 т 
5 Find the area of only the curved surface of these cylinders, to га 
one decimal place A 
: Hint: Find only the rectangular part o 


a 2m b 0-2 | 20 ст of the net, so use А = 27rh. Ве 
C 43 careful with the units in part b! 
-—|m-—» 
Problem-solving and reasoning 6,7 


Em 6 Find the outside surface area of a pipe of radius 85 cm and length 4.5 m, to one decimal place. 
Give your answer in m?. 


m 7 The base and sides of a circular cake tin are to be lined on the inside with baking paper. The tin has a 
base diameter of 20 cm and is 5 cm high. What is the minimum amount of baking paper 
required, to one decimal place? 
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is to be coated with a special waterproofing paint. The tank has 
diameter 4 m and height 2 m. Find the total area to be coated not the top. 
with the paint. Round your answer to one decimal place. 


1G 
КЭ 8 The inside and outside of an open-topped cylindrical concrete tank e 
m Hint: Include the base but 1 


Em 9 Find the TSA of these cylindrical portions, to one decimal place. 


=, 
р Hint: Carefully consider the fraction a 
of a circle made up by the ends, 
A half and the fraction of a full cylinder 
12cm cylinder made up by the curved part. 
——_ 
D 


11 
D 


р 


Ж The steamroller 


Н 10 А steamroller has a large, heavy cylindrical barrel that is 4m wide and has a diameter of 2 m. 
Find the area of the curved surface of the barrel, to two decimal places. 

After 10 complete turns of the barrel, how much ground would be covered, to two decimal places? 
Find the circumference of one end of the barrel, to two decimal places. 

How many times would the barrel turn after 1 km of distance, to two decimal places? 

What area of ground would be covered if the steamroller travels 1 km? 


ооо co 
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1H Volume of solids 


Learning intentions 


To understand how the volume of solids relates to its constant cross-section and height 

To know the common units for capacity 

To know the formula for the volume of a solid with a uniform cross-section 

To be able to calculate the volume of a solid with a uniform cross-section 

Key vocabulary: solid, volume, cross-section, uniform, prism, cylinder, perpendicular, capacity 


The volume of a solid is the amount of space it occupies 
within its outside surface. It is measured in cubic units. 

For solids with a uniform cross-section, the area of the 
cross-section multiplied by the perpendicular height gives 
the volume. Consider the rectangular prism below. 


Number of cubic units (base) = 4 x 6 = 24 
Area (base) = 4 x 6 = 24 units? 

Volume = area (base) x 3 = 24 x 3 = 72 units? 
o Lesson starter: Volume of a triangular prism 
This prism has a triangular cross-section. 
e What is the area of the cross-section? 
e What is the ‘height’ of the prism? 


e How can V = Ax h be applied to this prism, L Л 
where А is the area of the cross-section? 10m т 


Key ideas 
8 Volume is the amount of three-dimensional space within an object. 


8 The volume of a solid with a uniform cross-section is given by V = A x Л, where: 
* Aisthe area of the cross-section. 
* his the perpendicular (at 90°) height. 


Rectangular prism Cylinder 


V =arh 


8 Capacity is the volume of a given object measured in litres or millilitres. 


8 Units for capacity include: 
e 1L=1000mL о 1с07-101 
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Exercise 1H 


Understanding 1-3 
1 Match the solid (8-0) with the volume formula (А-0). 
а cylinder A V=lwh 
b rectangular prism В V= 190 х length 
c triangular prism С V=rrh 


2 Write the missing number. 


a There are mL in 1L. 
b There are cm? in 1L. 
3 The area of the cross-section of this solid is given. Find the dcm m 


solid's volume, using V = A x h. 


Fluency 


Example 17 Finding the volume of a rectangular prism 


Find the volume of this rectangular prism. 


5m 
4m 
6m 
Solution Explanation 
У=АхЛ Write the general formula. 

=6<4x5 A=6x4andh=5. 

= 120m? Simplify and include units. 
Now you try 


Find the volume of this rectangular prism. 


9cm 


4cm 


10cm 
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4 Find the volume of these rectangular prisms. 


a 
am| 
12 cm ? - ism 
8cmN -. | Hint: Use V= wh. CES 


5 ст 


Example 18 Finding the volume of a cylinder 


Find the volume of this cylinder, correct to two decimal places. 
2cm 


Solution Explanation 
үе xn Write the general formula. 
= дт? xh The cross-section is a circle. 
= л(2)* x6 Substitute r = 2 апал = 6. 
= 75.40 cm? (to 2 d.p.) Simplify and write your answer as required, with units. 
Now you try 


Find the volume of this cylinder, correct to two decimal places. 


m 5 Find the volume of these cylinders, correct to two decimal places. 


a 3 cm b 7 с 2.4 mm 
2.5 т | 
4m 
1.6mm e 
Hint: For a cylinder: 


V-2m?xh 


m 6 Atriangle with base 8 cm and height 5 cm forms the base of a prism, as 
shown. If the prism stands 4.5 cm high, find: 
a the area of the triangular base 
b the volume of the prism 
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ан 7 Find the volume of these triangular prisms. 


: b C 1.1mm E 29) 
3m . 
zi RU. Hint: Use V = A x h, а 
6m 5 Чи шщ 1.3 mm where А is the area of 
4m 3 cm 


a triangle. 
0.8 mm 


Problem-solving and reasoning 8-10 


Н 8 Acylindrical drum stands оп one end with a diameter of 25 cm and water is filled to a height of 12 ст. 
Find the volume of water in the drum, in cm3, correct to two decimal places. 


Example 19 Working with capacity 


Find the number of litres of water that this container can hold. 


30 ст 
Solution Explanation 
V = 30x 40 x 20 First work out the volume in ст. 
= 24 000 ст? Then divide by 1000 to convert to litres, since 1 cm? = 1 mL 
= 241 and there are 1000 mL in 1 litre. 
Now you try 


Find the number of litres of water that this container can hold. 


80 cm 


E 9 Find the number of litres of water that these containers can hold. y 
a Hint: Use 1 L = 1000 cm?. 
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Н 10 Find the volume of these solids, rounding your answers to two decimal places 
where necessary. Hint: Find the area of 
the cross-section first. 


edi 


E. 1 ECCO 
12m 2km 
ү 10 km NEN 
d 3m e f 
p Ha 
1.2m 
3m 2cm 
7m 


Н 11 100cm? of water is to be poured into this container. 
a Find the area of the base of the container. 
b Find the depth of water in the container. 


m 12 In a scientific experiment, solid cylinders of ice are removed from a 
solid block carved out of a glacier. The ice cylinders have diameter 7 cm 
and length 10 cm. The dimensions of the solid block are shown 
in the diagram. 
a Find the volume of ice in the original ice block. 
b Find the volume of ice in one ice cylinder, to two decimal places. 
c Find the number of ice cylinders that can be removed from the ice 
block, using the configuration shown. 
d Find the volume of ice remaining after the ice cylinders are removed 
from the block, to two decimal places. 


* Volume of pyramids and cones 


m 13 The volume of a pyramid or cone is exactly one-third the volume of the prism with the same base 


area and height; i.e. V — 1 xAxh. 
Find the volume of these pyramids and cones. Round your answer to one decimal place where 
necessary. 


a b ism C 2cm 
n C 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


11 Accuracy of measuring instruments Ж 


e Tounderstand that accuracy depends on how measurements are recorded 
e То know the limits of accuracy for a given recorded measurement 
e To be able to calculate the limits of accuracy for given measurements 


Key vocabulary: accuracy, precision, rounding 


Humans and machines measure many different things, such as the time taken to swim a race, a length of 
timber needed for a building and the volume of cement needed to lay a concrete path around a swimming 
pool. The degree or level of accuracy required usually depends on what is being measured and what the 
information is being used for. 


All measurements are approximate. Errors can come from the equipment being used or the person 
using the measuring device. 


Accuracy is the measure of how true to the 'real' the measure is, whereas precision is the ability to 
obtain the same result over and over again. 


o Lesson starter: Rounding a decimal 


1 A piece of timber is measured to be 86 cm, correct to the nearest centimetre. What is the smallest 
decimal that it could be rounded from and what is the largest decimal that, when rounded to the 
nearest whole, is recorded as 86 cm? 

2 If ameasurement is recorded as 6.0 cm, correct to the nearest millimetre, then: 

a What units were used when measuring? 
b Whatis the smallest decimal that could be rounded to this value? 
c What is the largest decimal that would have resulted in 6.0 cm? 

3 Consider a square with sides given as 7.8941 km each. What is the perimeter of the square if the side 

length is: 

a left unchanged with four decimal places? 

b rounded to one decimal place? 

c truncated (i.e. chopped off) at one decimal place? 


8 The limits of accuracy tell you what the upper and lower boundaries are for the true 
measurement. 
e Usually, it is + 0.5 x the smallest unit of measurement. 
* Note that values are stated to 1 decimal place beyond that of the given measurement. 
For example, when measuring to the nearest centimetre, 86 cm has limits from 85.5 cm up to 
86.5 cm. 


Anything in this area 
would be 86 cm, to the 
nearest centimetre. 


85 86 87 
8 When measuring to the nearest millimetre, the limits of accuracy for 86.0 cm are 85.95 cm 
to 86.05 cm. 
85.95 86.05 
Банн шанхын... — 0 001 1 1 1 1 1—- 
85.8 85.9 86.0 86.1 86.2 
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Exercise 1! 


Understanding 1-3 


1 Write down a decimal that, when rounded from two decimal places, gives 3.4. 


2 Write down a measurement of 3467 mm, correct to the nearest: 
a centimetre b metre 


3 What is the smallest decimal that, when rounded to one decimal place, could result in an answer 
of 6.7? 


Fluency 


Example 20 Stating the smallest unit of measurement 


For each of the following, write down the smallest unit of measurement. 


a 89.8cm b 56.85m 
Solution Explanation 
a 0.1 cm or 1 mm The measurement is given to one decimal place. 


That means the smallest unit of measurement is tenths. 


b 0.01 mor 1 cm This measurement is given to two decimal places. Therefore, the 
smallest unit of measurement is hundredths or 0.01. 


Now you try 
For each of the following, write down the smallest unit of measurement. 
a 24.3m b 4.75km 


4 For each of the following, state the smallest unit of measurement. 


a 45cm b 6.8mm c 12m 
d 15.6kg e 56.8g f 10m 
g 673h h 9.84m i 12.34km 
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ED Example 21 Finding limits of accuracy 


Give the limits of accuracy for these measurements. 


EL GN b 86.6mm 

Solution Explanation 

a 72 #05 lem Smallest unit of measurement is one whole cm. 
= 72— 0.5 cm to 72+0.5cm Error = 0.5 x 1 ст | 
— 71.5 cm to 72.5cm This error is subtracted and added to the given 


measurement to find the limits of accuracy. 


b 86.6 0.5 x 0.1 mm Smallest unit of measurement is 0.1 mm. 
= 86.6 + 0.05 mm Error = 0.5 x 0.1 mm 
E60 005 йө) SG о0о аа This error is subtracted and added to the given 
measurement to find the limits of accuracy. 
= 86.55 mm to 86.65 mm 


Now you try 


Give the limits of accuracy for these measurements. 


a 36cm b 15.1 
5 Give the limits of accuracy for each of these measurements. 9 
„ош b 8cm B. omm Hint: Give measurement 0.5 x NT 2 
d 5ns e 2km f 342cm smallest unit of measurement. 
g 39kg h 19.4kg i 4579t 
| 18.65m к 7.88km | $.055 


Problem-solving and reasoning 


6 Write the following as a measurement, given that the lower and upper limits of the measurements are 
as follows. 
a 29.5mto 30.5m b 144.5gto 145.5g с 4.55km to 4.65 km 


7 Martha writes down the length of her fabric as 150 cm. As Martha does not give her level of accuracy, 
give the limits of accuracy of her fabric if it was measured correct to the nearest: 
a centimetre b 10 centimetres c millimetre 
Hint: Use upper and lower 
limits of accuracy for max | 


and min lengths. 


8 А length of copper pipe is given ав 25 cm, correct to the 
nearest centimetre. 
a What are the limits of accuracy for this measurement? 
b Ten pieces of pipe, each with a given length of 25 cm, 
are joined. 
i What is the minimum length that it could be? 
ii What is the maximum length that it could be? 


9 The sides of a square are recorded as 9.2 cm, correct to one decimal place. 
a Whatis the minimum length that each side of this square could be? 
b Whatis the maximum length that each side of this square could be? 
c Find the upper and lower boundaries for this square's perimeter. 
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10 Johan measures the mass of an object to be 6 kg. Amy says the same object is 5.8 КО and Thomas 
gives his answer as 5.85 kg. 
a Explain how all three people could have different answers for the same measurement. 
b Write down the level of accuracy being used by each person. 
с Are all their answers correct? Discuss. 


11 Write down a sentence explaining the need to accurately measure items in our everyday lives and the 
accuracy that is needed for each of your examples. Give three examples of items that need to be 
measured correct to the nearest: 

a kilometre b millimetre c millilitre d litre 


Practical measurement 


12 a Measure each of the shapes below, correct to the nearest: 
i cm ii mm 
b Use your measurements to find the perimeter and area of each shape. 
After collating your classmates' measurements, find the average perimeter for each shape. 
4 By how much did the lowest and highest perimeters vary? How can this difference be explained? 
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Maths@Work: Bricklayer 


A bricklayer has a physically challenging job that 
requires stamina and strength and also good 
communication skills, as they often work as part 
of a team. 


Bricklayers must have a solid understanding of 
how the construction process works and the 
ability to read plans and blueprints. 


Mathematical skills are essential in this trade. 
Bricklayers must understand ratios for mixing 
mortar and cement. Good measurement skills 


work out the number of bricks required for a 
job, convert between different units and take 
accurate measurements at the work site, using 
the most appropriate tool. An understanding of 
geometry and trigonometry is also required. 


Complete these questions that a bricklayer may face in their day-to-day job. 


1 A standard house brick has dimensions / x w x h = 230 mm x 76 mm x 110 mm and the standard 
thickness of mortar when laying bricks is 10 mm. The bricks are laid so that ~ 
1х h is the outer face. 2 
a What is the length and height of each brick in centimetres and metres? Hint A =1x w 
b Determine the area in cm? and m? of the outer face of one brick. V=lxwxh 
c Determine the volume in cubic centimetres of each brick. 
4 Calculate the length, in metres (to two decimal places), when laying the following number of bricks A 

Ч 


їп a line with mortar between each join. | 
i 10 bricks Hint: For 10 bricks, there would be 


ii 100 bricks 9 mortar joins. 


e Calculate the height, in millimetres, of a wall of 25 rows of standard house bricks. Remember to 
consider the thickness of the mortar. 

f Estimate how many standard house bricks are needed to build a wall 4 m by 1.5 т, by dividing the 
area of the wall by the area of a brick's face. 
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Maths@Work: Bricklayer 


2 Ready-mix mortar comes in 20 kg bags that cost $7.95 per bag. One bag of mortar is used to lay 20 

standard house bricks. 

Using standard house bricks (see dimension details in Question 1), a brick wall is to be built that has a 

finished length of 8630mm, a height of 2750mm and is one brick deep. 

a Calculate the exact number of standard house bricks needed to build this wall. Remember to 
consider the thickness of the mortar. 

b How many Ready-mix mortar bags must be purchased for this wall? 

с If each house brick costs 60 cents, find the total cost, to the nearest dollar, of the materials needed 
for this wall. 


3 A type of large brick is chosen for an outside retaining wall. These 
bricks are sold only in whole packs and each pack covers 12.5 square 
metres when laid. How many whole packs of these bricks must 
be bought to build a wall with dimensions: 

a 6mby 1.5 т? 
b 9mby2m? 


4 Fastwall house bricks are larger and lighter than standard bricks and can be used for single-storey 
constructions. They are sold in pallets of 1000 for $1258.21, including delivery and GST. Each Fastwall 
brick has dimensions / x w x h = 305 mm x 90 mm x 162mm and the standard thickness of mortar 
is 10 тт. 

a Ifa pallet has 125 bricks per layer, how many layers does each pallet have? 

b If the wooden base of the pallet has a height of 30 cm, what is the total height of the pallet, 
in cm, when loaded with bricks? 

c Find the exact number of bricks needed to build a wall that is 20.15 m long and 6.87 m high. 
Remember to consider the thickness of the mortar. 

d Determine the cost of the bricks, to the nearest dollar, required to be bought for building the wall 
in part c. 


53 
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Using technology Hint: For E5 the formula would be 3 


«6 5 


1) 


-05хА5-(05-1)х10 


For 66 the formula would b 
Copy the following table into a spreadsheet. Then enter formulas ee 1271. | 


into the shaded cells and, hence, determine the missing values. 


A B c D E F G H | 

1 Brick Wall Calculations | 

2 Note:All dimensions are їп тт 

g Single brick dimensions Mortar | Brick wall dimensions Number of bricks used 

: : ý Per layer | Number 

4 Length | Width | Height Width (re uires 

5 230 | 76 | 110 | 10 24 18 

6 230 | 76 | 110 | 10 
Copy the following table into your spreadsheet underneath the table Hint: Copy the total number of = 
from Question 5. Enter the formulas into the shaded cells and, hence, bricks used from the first table. 


determine the missing values. Assume there are 1000 bricks per 
pallet and that one bag of mortar is used per 20 bricks laid. 


, Total cost 
Decimal 


total cost of mortar 
number of 
of pallets 


In cell B13 enter = ROUNDUP (В12, 0), which will round the number from cell B12 up to the nearest 
whole number; e.g. 1.3 will be rounded up to 2. 


7 Use your spreadsheet tables to find the total cost of materials for the following brick walls made from 
Fastwall bricks. (See Question 4 for Fastwall brick dimensions.) The spreadsheet formulas will not need 
to be changed. 
a A wall of 44 bricks per layer (row) and 30 layers (rows) if pallets cost $1258.36, including GST, and 
mortar is $7.55 per bag. 
b Awall 20.15m long by 7.79 m high if pallets cost $1364.32, including GST, and mortar is 
$9.25 per bag. 
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Building playground equipment 


A group of high school students have raised some money for a volunteer community service project. The 


students decide to ask the council if they can improve the children’s playground equipment in the local = 
park. = 
! ' "аз 
Present а report for the following tasks and ensure that you show clear mathematical workings, - 
explanations and diagrams where appropriate. = 
Preliminary task 
Calculate the following areas, rounding the answers to one decimal place. 
a Calculate the area of a circle with diameter 3.5 m. 
b Determine the area of the following triangles. In part ii you will need to apply Pythagoras' 
theorem to calculate the triangle's height. 
i ii 
c ё> 
20 ст X m 
45 cm 30 cm 
c Determine the total surface area in cm? and m? of a cylindrical balancing beam with radius 
12 cm and length 3 m. 
Modelling task 
You are to prepare a proposal for two improvements to the park's playground equipment: XU 
e constructing a set of low concrete cylinders that children can use as steps, and 
e {һе repainting of an old playground roundabout. 
The problem is to determine the volume of concrete and paint needed and to find out if the cost of the 
project is within a budget of $200. 
a With the aid of diagrams, write down all the relevant mathematical formulas that are needed to 
calculate: 
i the volume and surface area of a cylinder 
ii the area of an isosceles triangle. 
9 Solve 
Concrete cylinders 
b Nine concrete cylinders of radius 20 cm are to be constructed having above-ground heights of: 
15 cm, 30 cm, 45 cm, 60 cm, 75 cm, 60 cm, 45 cm, 30 cm, 15 cm. 
Each cylinder also extends 30 cm below ground for stability. 
Copy the table below into an excel spreadsheet and enter formulas into the shaded cells. 
Format cells to Number/one decimal place. Use pi() for entering z. 
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Extend the Excel table to include all nine cylinders and the total surface area and volume using units 


of cm and m. 
A B C D E F G 
: : Total surface А 
Radius in | Height above | Circle area in | Curved area in see aim Total height} Volume in 
1 cm ground in cm cm? cm? in cm cm? 


11 There will be several more lines in your table, making nine cylinders 


12 Totalsusingem| М 


13 Totals using т 


The roundabout 


The old roundabout has an octagon shaped top with 8 isosceles triangles; each triangle has a 1m 
base and two equal sides of 130 cm. The roundabout's rectangular vertical sides are each 50 cm high 
апа 1 т in length. 
c Determine the area of one isosceles triangle and one rectangle іп cm?. You will need to apply 
Pythagoras’ theorem to calculate the triangle’s height. 
d Determine the roundabout's surface area, including the top and sides, in m? to one decimal 


place. 
227 The council has offered to pour the concrete cylinders so the student volunteers will only be 
уш responsible Тог the painting jobs, including the cylinders and the roundabout. Only the painting will 
be included in the budget. 

e If only one colour is used and 3 coats are applied, find the total area to be painted. 

f If non-slip paint covers 8 m?/litre determine the volume of paint required. 

g If non-slip paint comes in 2 L cans at $75 each and AL cans at $110 each, calculate the minimum 
cost of paint, assuming three coats are required, and determine if the project is within budget. 

Communicate . 5 4 1 

h Summarise your findings stating: 
i the volume of concrete needed for the cylinders 
ii the overall area to be painted 
iii the details of what cans of paint to buy and the cost. 

Extension question 

a Ina different playground the steps are half cylinders with radius 30 cm and all are of height 50 cm. 
They stand up with one vertical flat side, a curved side and a semicircular top. The octagonal 
roundabout is made up of 8 isosceles triangles, each with base length 1.4 m and two equal sides 
of 1.83 m. The roundabouts vertical sides are still 50 cm high. Find the surface areas and volumes 
of the playground objects and calculate the cost of paint for this playground using the same costs 
as in part g. 
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Puzzles and games 57 


1 ‘lam the same shape all the way through. What am |?’ Find the area of each shape. 


[5] 


Match the letters to the answers below to solve the riddle. 


33 : : 10 


One litre of water is poured into a container in the shape of a rectangular prism. The 
dimensions of the prism are 8 cm by 12 cm by 11 cm. Will the water overflow? 


ѕәшеб pue ѕәј22па 


А circular piece of pastry is removed from а square sheet with side length 30 ст. What percentage 
of pastry remains? 


How many different nets are there for a cube? Do not count reflections or rotations of the same 
net. Here is one example. 


Give the radius of a circle whose value for the circumference is equal to the value for 
the area. 


Find the area of this special shape. 


7 A сире5 surface area is 54 cm?. What is its volume? 


Conversion of units Perimeter Circumference 
Length The distance around the The distance around the 
x1000 х100 х10 outside of a shape. outside of a circle. 


2cm C=2ar or C= zd 


WU с Nt ы екы 
+1000 +100 +10 3 ст 


х10002 x100? x102 РЕ Ep DS 
Хаж = 10cm 
т? mm? | 
у. Жы по 
210002 1002 
Volume 
x10003  x1003 x108 


суул Re A 
m3 cm? mm? 


410003 +1003 +108 


Chapter summary 


Area of basic shapes 
Square: A = /2 
Rectangle: А = /w 
Total surface area Triangle: A= 107 
Draw a net and sum the surface areas. Rhombus: A = ix 


5m ё | 
В : 2 Parallelogram: A= bh 
Triangular prism 
3 ‘<> Measurement Trapezium: A= (a+ byh 
m 


TSA-2xlx4xa 4" 


+6х4+6х3+6х5 
= 84 m? 


Cylinder wx Area of a circle 


шиг 
S 3m 
A- лг? 
2ends curved part PN к 32 (2 


= 28.27 m? (to 2 d.p.) 


Accuracy |. 


Volume Accuracy depends on any error 
Rectangular prism Cylinder associated with the measuring 
V= Iwh V= лт?һ instruments and how they are A= = x zr? 

used. EE 22 
Capacity: 1 L = 1000 mL Limits of accuracy are usually E dE 
Үс anal + 0.5 x the smallest unit. = 1.57 m? (to 2 d.p.) 


Area of sectors 


Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


v 
О 1 І сап convert between metric units of length. 
e.g. Convert these measurements to the units shown in the brackets. 
a 2.3 т (cm) b 270000 cm (Кт) 
© 2 1сап convert between metric units of area. 
e.g. Convert these measurements to the units shown in the brackets. 
a 32000 m? (кт?) b 7.12cm? (mm?) 
© 3 I can convert between metric units of volume. 
e.g. Convert these measurements to the units shown in the brackets. 
a 3.7ст (тт?) Ы 5900000 cm? (т?) 
О 4 1сап find the perimeter of basic shapes. 
e.g. Find the perimeter of this shape. 8.1m 9m 
11.5 т 
© 5 I can find a missing side length given the perimeter. 
e.g. Find the value of x for this shape with the given perimeter. 8 cm 4.6 cm 
x cm 5.8 cm 
a 6 І сап find the circumference of a circle. 
e.g. Find the circumference of a circle with a diameter of 5 m, correct to two decimal places. 
(2 7 1сап find the perimeter of simple composite 10 cm 
shapes. H 
e.g. Find the perimeter of this composite shape, correct to 
à 5 ст 
two decimal places. 
ЙЇ 
8 1сап find the area of squares, rectangles апа 
triangles. 
e.g. Find the area of this triangle. 
a 9 I can find the area of rhombuses, parallelograms and 6m 
trapeziums. 
e.g. Find the area of this trapezium. 
10m 
a 10 I can find the area of a circle. 
e.g. Find the area of this circle, correct to two decimal places. 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge Universi 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated Ju 


11 


| can find the area of a sector. 
e.g. Find the area of this sector, correct to two decimal places. 
QO 


12 


| can find the area of simple composite 
shapes involving sectors. 

e.g. Find the area of this composite shape, correct to 
two decimal places. 


13 


| can find the total surface area of a 
rectangular prism using a net. 
e.g. Find the total surface area of this rectangular prism. 


14 


| can find the total surface area of a triangular 10 ст 
prism using а net. 
e.g. Find the total surface area of this triangular prism. ea б 

Hi 14 cm 


15 


e.g. Find the total surface area of this cylinder, correct to two decimal 


| can find the total surface area of a cylinder. А | 8 7 
m 
places. 


16 


| can find the volume of a prism. 
e.g. Find the volume of this triangular prism. 


17 


4m 
J 12211) 
| can find the volume of a cylinder. 


e.g. Find the volume of this cylinder, correct to two decimal places. 


18 


| can find the volume of a prism, giving an 
answer in L or mL. 
e.g. Find the volume of this triangular prism in litres. 


19 


| can state the smallest unit for a given measurement. 
e.g. Write down the smallest unit of measurement for 27.3 cm. 


20 


| can find the limits of accuracy for a given measurement. 
e.g. Give the limits of accuracy for the measurement 65.3 m. 
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Short-answer questions 


11 1 Convert these measurements to the units shown in the brackets. 
a 5.3km (m) b 27000cm? (m2) с 0.04 cm? (mm?) 


в 2 Findthe perimeter of these shapes. 


a 2 р с 
9m 
3 
7 cm 5 cm 
10 т 
4 
iE 3З For the circle shown, find, to two decimal places: 
B a the circumference b the area 
1E 4 For these composite shapes, find, to two decimal places: 
i the perimeter ii the area 
Fi a 6m b 3.5 т c 
CJ 1 
ши 5m 


1 5 Find the area of these shapes. 
a 


х 
^ p 


-4 
P 


Qt 6 Find the total surface area (TSA) of these prisms. 


a b 
15m 
9 т 10 ст 
Ё 20m 
12m d 
2 cm 
16 7 Determine the total surface area of this cylinder, to two decimal > 


laces. 
B places Е 


О 
=F 
Q) 
© 
et 


№МӘІЛӘЈЛ AD 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


1Н 


1 


5 
o 
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Ф 
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Q. 
(0 
E em 
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8 Find the volume of these solids, їо two decimal places where necessary. 
a b 10m c 4cm 


" A 1.5 cm 
Н 4m 
^ Y 7 cm 


2 cm 


9 Give the limits of accuracy for these measurements. 
a 6cm b 42kg c 16.21m 


Multiple-choice questions 


1 1 Thenumber of centimetres in a kilometre is: 
A 10 B 100 C 1000 D 10000 E 100000 
18 2 The perimeter of a square with side lengths 2 cm is: 
A 4cm B 8cm 0 4cm? D 8cm? E 16cm 
18 3 The perimeter of the shape shown is given by the formula: y 
А X-—y B 2х-у С 4х+2у 
D х-2у Е 4x+y х 
1€ 4 A correct expression for determining the circumference of a circle with diameter 6 cm is: 
A лхб B лх3 C 2xzx6 D 2x6 E xx6& 
1D 5 The area of a rectangle with side lengths 3 cm and 4 cm is: 
A 12cm? B 12cm С 7cm? D 14cm E 14cm? 
1) 6 The correct expression for calculating the area of this trapezium is: 4 
А (6-4)х6 B 16644) x 6 C 5x6x4 D 6x6-4 
E 6x6+6x4 
6 
1E 7 A sector's centre angle measures 90°. This is equivalent to: 
A lofacire B tofa circle с 3 ofa circle 
5 2 4 
D 2ofa circle E lofa circle 
3 4 
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1 8 The volume of the shape shown is: 


A 13cm? B 27cm? О 
С 72cm? D 72cm? =y 
E 27cm? Е Q) 
© 
F 


1H 9 The volume of a cube of side length 3cm is: 
A 9cm? B 27cm? C 54cm? D 54cm? 


18 10 The curved surface area for this cylinder is closest to: 
pr А 87.96 cm? B 12.57 cm? 
С 75.40 cm? D 75.39 cm? 
E 113.10 cm? 
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Extended-response questions 


Em 1 Anew playground is being built with the shape and dimensions as 
shown below. bw 
a The playground will be surrounded by wooden planks. 


i Determine the perimeter of the playground correct to two decimal Ё 
places. 3m 3m 
ii If the wood to be used costs $16.50/m, what will be the cost of 
surrounding the play area to the nearest dollar? Р е ИЕ А 
b The playground area is їо be covered with а layer of woodchips. Find 8.5m 


the area of the playground correct to one decimal place. 


с If a bag of woodchips from the hardware store covers 7.5 m?, how 
many bags would be required to cover the playground area? 

d Arectangular sandpit is to be included as shown. If sand is to be 
spread flat and filled to a height of 40 cm, determine the volume of 
sand required in m?. 


m 2 A cjlindrical tank has diameter 8 m and height 2 т. 
a Find the surface area of the curved part of the tank, to two decimal places. 
b Find the TSA, including the top and the base, to two decimal places. 
c Find the total volume of the tank, to two decimal places. 
d Find the total volume of the tank in litres, to two decimal places. 
Note: There are 1000 litres in 1 m?. 
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Chapter 


“ё 
LI 
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Consumer arithmetic 


==. 
= Е e e О а e 
ssential mathematics: whysskills-with percentages and 
— consumer arithmetic aresimportant 
s Lc Money management skills are essential for achieving personal financial independence and 
| security, and for business success. The exchange of money is the basis of our economy, and 
percentages are used universally to describe changes of value. 
* Essential skills for personal money management include making a personal budget, calculating 
= the interest and repayments on loans, comparing discounted prices, and checking pay and tax 
gee amounts. 


* Service businesses, such as web designers, hairdressers, mobile car mechanics and cake makers, 
all increase costs by a profit percentage and 1096 GST. 
e Successful food businesses (e.g. pizza shop, cafe) regularly calculate food costs as a percentage 
of sales revenue. 2 
e Training for employment in finance, e.g. a bank teller, includes percentage calculations Тог loans, вњ 
investments, insurance, pay scales, commission and tax. 
• Investment advisors assist clients to make a budget; analyse investment growth forecasts and 
loan costs using simple and compound interest rates; and to compare insurance rates and cover. 
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а А ! 
In this chapter 


2A Review of percentages 
(Consolidating) 

2B Applications of percentages 

2C Income 

2D Income taxation Ж 

2E Budgeting 

2F Simple interest 

2G Compound interest 

2H Investments and loans 4 

21 Comparing interest using 

technology Ж 


Australian Curriculum 


NUMBER AND ALGEBRA 


Money and financial 
mathematics 


Connect the compound interest 
formula to repeated applications of 
simple interest using appropriate 
digital technologies (ACMNA229) 


Patterns and algebra 


Substitute values into formulas to 
determine an unknown (ACMNA234) 


© Australian Curriculum, Assessment 
and Reporting Authority (ACARA) 


Online resources 


A host of additional online 
resources are included as part 

of your Interactive Textbook, 
including HOTmaths content, video 
demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 
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66 Chapter 2 Consumer arithmetic 


ЕТ 1 Find the following totals. 
а $15.92-- $27.50 + $56.20 


с 5457х6 
е $87560 + 52 (to the nearest cent) 


T 3 
а 2 „л 


-ир quiz 


il ul 
а 5 b 3 


a 16.7893 b 7.347 


Warm 


Give the values of the pronumerals in the following table. 


b $134+ $457 + $1021 


d 55634х 11 


Express the following fractions with denominators of 100. 


Ї 


C = 


5 


Write each of the following fractions as decimals. 


Ї 


с = 


5 


Round the following decimals to two decimal places. 
c 45.3444 


Gross income ($) | Deductions ($) 


Net income ($) 


4976 456.72 


a 


72 156 21 646.80 


b 


92411 @ 


62839 


156 794 а 


101916 


е 18 472.10 


79 431.36 


2 


e 102.8999 


Hint: Net Income = gross 


income — deductions 


Calculate the following annual incomes for each of these people. 
b Sally: $15 600 per month 


а Tom: $1256 per week 
с Anthony: $1911 per fortnight 


4 Crystal: $17.90 per hour, for 40 hours per week, for 50 weeks per year 


Without a calculator, find: 
a 10% of $400 
d 25% of $844 


b 5% of $5000 
e 20% of $12.80 


Find the simple interest on the following amounts. 


a $400 at 5% p.a. for 1 year 
b $5000 at 6% p.a. for 1 year 
с $800 at 4% р.а. for 2 years 


c 2% of $100 
f 75% of $1000 


int: Si = Бий 
Hint: Simple Interest = 100 


Complete the following table, giving the values of the pronumerals. 


Cost price Deduction 


Sale price 


$34 $16 


$460 $137 


$500 @ 


$236 


а 545 567 


е 512.65 


545.27 


8 10 The following amounts include the 10% GST. By dividing each опе by 1.1, find the original 
costs before the GST was added to each. 


a $55 


b $61.60 


c $605 


2A Review of percentages 


e Tounderstand that a percentage is a number out of 100 
e To be able to convert decimals and fractions to percentages and vice versa 
e То be able to find the percentage of a quantity 


Key vocabulary: percentage, denominator 


It is important that we are able to work with percentages 
in our everyday lives. Banks, retailers and governments 
use percentages every day to work out fees and prices. 


o Lesson starter: Which option should 
Jamie choose? 


Jamie currently earns $68 460 p.a. (per year) and is given 
a choice of two different pay rises. Which should she 
choose and why? 


Choice A: Increase of $25 per week 
Choice B: Increase of 296 on per annum salary 


8 А percentage means ‘out of 100’. It can be written using the symbol 96, or as a fraction or 


a decimal. 
= = 15 o 3 
For example: 75 per cent = 75% = 100 or 1 or 0.75. 
8 То convert a fraction or a decimal to a percentage, multiply by 100. x 100 
P 
To convert a percentage to a fraction, write it with a denominator of 100 Fraction — 96 
and simplify. D 
15% = 1523 -100 
27100 20 
8 To convert a percentage to a decimal, divide by 100. x 100 
15% = 15 + 100 2 0.15 ко DNE 
Decimal 90 
® To find a percentage of a quantity, write the percentage ав a fraction ога Ie 
+100 


decimal, then multiply by the quantity; i.e. х% of P= ПТ х Р. 


Exercise 2А 
Understanding 1-3 
1 Complete the following using the words multiply or divide. 
a То convert a decimal to a percentage by 100. 
b То convert a percentage to a decimal by 100. 
с То convert a fraction to a percentage by 100. 
d To convert a percentage to a fraction by 100. 
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68 Chapter 2 Consumer arithmetic 


ЕЭ 2 Complete the following to express as a fraction in part а and a decimal in part b. 


a d 


b i 18%= 


ii 23% = == 


ii 5% = 


3 Complete the following 


Hint: Cancel any fractions Ay : A 


before multiplying. 


4-7 (%2) 4-8(/2) 


Write each of the following as a percentage. 


19 
270) 
Solution 
0885 

20 100 


= 95% 


3 10025 75 
: mo IE 
= 3 


Sog- 37.59, 


с 0.07 x 100=7 
So 0.07 = 7% 


Now you try 


3 
b ғ с 0.07 


Explanation 


Write using a denominator of 100. 
Alternatively, multiply the fraction by 100. 


5 
19 1907 у, 


120 1 


Multiply the fraction by 100. 


Cancel common factors, then simplify. 


Multiply the decimal by 100. 
Move the decimal point two places to the right. 


Write each of the following as a percentage. 


6 


22 
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2A Review of percentages 69 


4 Convert each fraction to a percentage. 


аг Й 
а 1 р ł c 1 d i5 Hint: First write using a Ёл 
denominator of 100 ог, 
e _1_ Ї 2 g 15 h 3 alternatively, multiply by 100. 
100 25 50 4 
5 ү 19 39. 47 
' 8 J 55 К i00 ! 5% 

5 Write these decimals as percentages. e 
a 0.17 b 0.73 c 0.48 d 0.09 Hint: To multiply by 100, move A 
e 0.06 f 0.13 g 1.13 h 1.01 the decimal point two places 
i 0.8 j 09 k 0.99 | 0.175 to the right. 


Write each of the following percentages as a simplified fraction. 


a 37% b 58% c 65% 
Solution Explanation 
а 31% = in Write the percentage with a denominator of 100. 
b 58%= E Write the percentage with a denominator of 100. 
229 Simplify mS by cancelling, using the HCF of 58 and 100, 
m which is 2. 
58? _ 29 
10050 50 
61 
с 619 = Ton Write the percentage with a denominator of 100. 
m — Double the numerator 2 and the denominator (100) 


so that the numerator is a whole number. 


Now you try 


Write each of the following percentages as a simplified fraction. 


a 239 b 649 c 101% 


6 Write each percentage as a simplified fraction. 


a 719 b 80% с 25% 4 55% M 
Hint: Write with a denominator E 
e 409 f 88% g 15% h 16 - % of 100, then simplify if possible. 
i 171% | 21% к 51% | 521% 
2 4 4 2 
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70 Chapter 2 Consumer arithmetic 


Convert these percentages to decimals. 


a 93% b 7% с 30% 
Solution Explanation 
а 93% =93 = 100 Divide the percentage by 100. This is the same as moving 
2093 the decimal point two places to the left. 
b 7% =7+ 100 Divide the percentage by 100. 
= 0.07 
c 30% = 30+ 100 Divide the percentage by 100. 
=з Write 0.30 as 0.3. 
Now you try 


Convert these percentages to decimals. 
a 28% b 3% с 60% 


7 Convert these percentages to decimals. 
a 61% b 83% с 75% d 45% e 9% f 90% 
g 50% h 16.5% i 7.3% j 200% k 430% | 0.5% 


Find 42% of $1800. 


Solution Explanation 
42% of $1800 = 0.42 x 1800 Remember that ‘of’ means to multiply. 
нэ Write 42% as a decimal ог a fraction: 42% = t = 0.42 


Then multiply by the amount. 
If using a calculator, enter 0.42 x 1800. 


Without a calculator: -22-х 1800 = 42 x 18 = 756 
100, 


Now you try 
Find 36% of $2300. 


8 Use a calculator to find the following. 


a 10% of $250 b 50% of $300 с 75% of $80 
d 12% of $750 e 9% of $240 f 43% of 800 grams 
g 90% of $56 h 110% of $98 i 17496 of 2000m 
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Problem-solving and reasoning 9-11 


9 A 300g pie contains 15g of saturated fat. | 9 
a What fraction of the pie is saturated fat? Hintisgouto3000 ба» 


b What percentage of the pie is saturated fat? 


10 About 80% of the mass of a human body is water. If Hugo is 85 kg, how many kilograms of water are 
in his body? 


11 Rema spends 1296 of the 6.6 hour school day in maths. How many minutes are spent in the maths 
classroom? 


In a cricket match, Brett spent 35 minutes bowling. HIRE гоо 021 F^ 


minutes, and then write a 


His team's total fielding time was 3l hours. ab 
2 fraction comparing times. 


What percentage of the fielding time, correct to two decimal places, did 
Brett spend bowling? 


Malcolm lost 8 kg, and now weighs 64 kg. What percentage of his original weight did he lose? 


14 47.996 of a local council's budget is spent on garbage collection. If a rate payer pays $107.50 per 
quarter in total rate charges, how much do they contribute in a year to garbage collection? 


- 
[25] 


Australia’s statistics 


15 Below is the preliminary data on Australia's population growth, as gathered by the Australian Bureau 


тш 


of Statistics for June 2015. 


Population at end Change over Change over 
June quarter 2015 previous year previous year 
(000) (000) (06, one decimal place) 

New South Wales 7618.2 104.3 

Victoria 5938.1 99.4 

Queensland 4779.4 58.4 

South Australia 1698.6 13.1 

Western Australia 2591.6 33.2 

Tasmania 516.6 1.9 

Northern Territory 244.6 0.9 

Australian Capital Territory 390.8 5.4 

Australia 23 777.9 316.6 


a Calculate the percentage change for each state and territory shown 
using the previous year's population, and complete the table. 

b What percentage of Australia's overall population, correct to 
one decimal place, is living in: 
i NSW? il Vic? ili WA? 

с Use a spreadsheet to draw a pie chart (i.e. sector graph) showing the populations of the eight 
states and territories in the table. What percentage of the total is represented by each state/territory? 
Round your answer to the nearest per cent. 


d In your pie chart for part c, what is the angle size of the sector representing Victoria? 


2 
change х 100 


Hint: h = 
л; population 1 
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2B Applications of percentages 


To understand what a percentage increase or decrease of a quantity represents 

To be able to increase and decrease an amount by a given percentage 

To be able to use percentage increase and decrease to calculate a selling price or a discounted price 
To be able to determine the profit made on an item and calculate this as a percentage profit 

Key vocabulary: discount, profit, selling price, cost price 


There are many applications of percentages. Prices are 
often increased by a percentage to create a profit or 
decreased by a percentage when on sale. 

When goods are purchased by a store, the cost to the 
owner is called the cost price. The price of the goods 
sold to the customer is called the selling price. This price 
will vary according to whether the store is having a sale 
or decides to make a certain percentage profit. 


© Lesson starter: Discounts 
Discuss as a class: 


e Which is better: 20% off or a $20 discount? 
e |{ adiscount of 20% or $20 resulted in the same price, what was the original price? 
e Why are percentages used to show discounts, rather than a dollar amount? 


® To increase by a given percentage, multiply by the sum of 100% and the given percentage. 
For example: To increase by 12%, multiply by 112% or 1.12. 


® To decrease by a given percentage, multiply by 100% minus the given percentage. 
For example: To decrease by 20%, multiply by 80% or 0.8. 


® Profits and discounts: 
e The normal price of the goods recommended by the manufacturer is called the retail price. 
e When there is a sale and the goods are priced less than the retail price, they are said 
to be discounted. 
Profit is the amount of money made by selling an item or service for more than its cost. 
Profit = selling price — cost price, where selling price is the amount the item is sold 
for and cost price is the original cost to the seller. 


e Percentage profit = —PrOfit_ x 100 
cost price 
discount ~ 199 


* Percentage discount = : 
cost price 
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Exercise 2B 


Understanding 1-4 


1 By what number do you multiply to increase an amount бу: UTE 
a 10%? b 209? с 29? d 18%? 100% — 595—095 - | 


aC 


2 By what number do you multiply to decrease an amount by: 
a 5%? b 30%? c 15%? d 50%? 


3 Use the words selling price or cost price to complete the following. 
a A profit is made when the is more than the 
b A discount in a store reduces the 
e Profits Е 


4 Decide how much profit ог loss is made іп each of the following situations. 


a cost price = $15 selling price - $20 
b cost price = $17.50 selling price 2 $20 
с cost price = $250 selling price = $234 


Example 5 Increasing by a given percentage 


Increase $370 by 8%. 
Solution Explanation 


$370 x 1.08 = $399.60 10096 + 8% = 10896 
Write 108% as a decimal (or fraction) and multiply 
by the amount. 
Show two decimal places to represent the cents. 


Now you try 
Increase $650 by 12%. 


Increase $90 by 5%. БЭ: 
Increase $400 by 10%. Hint: To increase by 5%, multiply by % 
Increase $55 by 20%. 100% + 5% = 1.05. 

Increase $490 by 8%. 

Increase $50 by 12%. 

Increase $7000 by 3%. 

Increase $49.50 by 14%. 

Increase $1.50 by 140%. 


E] 5 


se ооо со 
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ЕЭ Example 6 Decreasing by a given percentage 


Decrease $8900 by 7%. 
Solution 


Explanation 


$8900 x 0.93 = $8277.00 


Now you try 
Decrease $2700 by 18%. 


Decrease $1500 by 5%. 
Decrease $470 by 20%. 
Decrease $550 by 25%. 
Decrease $119.50 by 15%. 


El 6 


соо Фф 


b 
d 
f 
h 


100% — 7% = 93% 

Write 93% as a decimal (or fraction) and multiply by 
the amount. 

Remember to put the units in your answer. 


Decrease $400 by 10%. 
Decrease $80 by 15%. Hint: To decrease by 5%, multiply (779 7) 


Decrease $49.50 by 5%. by 100% — 5% = 0.95. 
Decrease $47.10 by 24%. 


Example 7 Calculating profit and percentage profit 


The cost price for a new саг is $24 780 and it is sold for $27 600. 


a Calculate the profit. 


b Calculate the percentage profit, to two decimal places. 


Solution 


Explanation 


a Profit = selling price — cost price 


= $27 600 — $24 780 
2252820 


b Percentage profit = --БГОЇ _х 100 


COSt price 


212 041 


24780 
60 


Now you try 


Write the rule. 
Substitute the values and evaluate. 


Write the rule. 


Substitute the values and evaluate. 


Round your answer as instructed. 


The cost price for a new refrigerator is $888 and it is sold for $997. 


а Calculate the profit. 


b Calculate the percentage profit, to two decimal places. 


Н 7 Copy and complete the table on profits and percentage profit. 


e 


Cost price | Selling price | Profit | Percentage profit | ? profit Э 
a $10 $16 Hint: Percentage profit — Gost price x 100 | 
b $240 $300 
с $15 $18 
а $250 $257.50 
е $3100 $5425 
f $5.50 $6.49 
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28 Applications of percentages 75 


Example 8 Finding the selling price 


A retailer buys some calico material for $43.60 a roll. He wishes to make a 35% profit. 


a What will be the selling price per roll? 
b If he sells 13 rolls, what profit will he make? 


Solution Explanation 
а Selling price = 135% of $43.60 For a 35% profit the unit price is 135%. 
= 1.35 x $43.60 Write 135% as a decimal (1.35) and evaluate. 


= $58.86 per roll 


b Profit per roll = $58.86 — $43.60 Selling price — cost price 
= $15.26 
Total profit = $15.26 x 13 There are 13 rolls at $15.26 profit per roll. 
= $198.38 
Now you try 


A retailer buys swimsuits for $32 per suit. She wishes to make a 30% profit. 


a What will be the selling price of each swimsuit? 
b If she sells 20 swimsuits, what profit will she make? 


Н 8 A retailer buys some christmas snow globes Тог $41.80 each. 
She wishes to make a 25% profit. 

a What will be the selling price per snow globe? 

b If she sells a box of 25 snow globes, what profit will s 

she make? 


Е 9 А second-hand car dealer bought a trade-in car for 
$1200 and wishes to resell it for a 2896 profit. 
What is the resale price? 
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ЕЭ Example 9 Finding the discounted price 


A shirt worth $25 is discounted by 15%. 


а What is the selling price? 
b How much is the saving? 


Solution Explanation 
3 Selling price = 85% of $25 15% discount means there must be 85% left (100% — 15%). 
= 0085 % $25 Convert 85% to 0.85 and multiply by the amount. 
= M25 
b Saving = 15% of $25 You save 15% of the original price. 
= 015 x $25 Convert 15% to 0.15 and multiply by the original price. 
= p35 
or saving = $25 — $21.25 Saving = original price — discounted price 
= {3.79 
Now you try 


A suitcase worth $220 is discounted by 35%. 


а What is the selling price? 
b How much is the saving? 


В T° 


g” 


В 


Samantha buys а wetsuit from the sports store where she works. Its original price was $79.95. 
Employees receive a 15% discount. 

a What is the selling price? 

b How much will Samantha save? 


A travel agent offers a 12.5% 
discount on airfares if you travel 
during May or June. 

The normal fare to London (return 
trip) is $2446. 

a What is the selling price? 

b How much is the saving? 


A store sells second-hand goods at 
40% off the recommended retail 
price. A lawn mower is valued 

at $369. 

а What is the selling price? 

b How much would you save? 
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Problem-solving and reasoning 13-16 


gp " 


Ski jackets are delivered to a shop in packs of 50 for $3500. The shop owner wishes to make a 


3596 profit. 


a What will be the total profit made on a pack? 
b Whatis the profit on each jacket? 


A pair of sports shoes is discounted by 4796. The recommended price was $179. 


a Whatis the amount of the discount? 
b What will be the discounted price? 


Jeans are priced at a May sale for $89. If this is a saving of 


1596 off the selling price, what do the jeans normally sell for? 


Discounted tyres are reduced in price by 3596. They now sell for $69 each. Determine: 
a the normal price of one tyre 
b the saving if you buy one tyre 


The local shop purchases a carton of containers for $54. Each container is sold for $4. 


If the carton had 30 containers, determine: 
a the profit per container 


b the percentage profit per container, to two decimal places 
c the overall profit per carton 


d the overall percentage profit, to two decimal places 


= 
Hint: 85% of amount = $89. Find 1% 2 


then x 100 to find 100%. 


A retailer buys a book for $50 and wants to sell it for a 26% profit. The 10% GST must then be added 
onto the cost of the book. 
a Calculate the profit on the book. 
b How much GST is added to the cost of the book? 

c What is the advertised price of the book, including the GST? 
d Find the overall percentage increase of the final selling price compared to the $50 cost price. 


Building a gazebo 


e 


“0 


Hint: % Increase = 11016856 >, 100 


cost price 


В '? 


Christopher designs a gazebo for a new house. He buys the timber from a retailer, who sources it at 
wholesale price and then marks it up before selling to Christopher at retail price. The table below 
shows the wholesale prices as well as the mark-up for each type of timber. 


Quantity Description Cost/unit Mark-up 
6 Treated pine posts $23 20% 
11 300 х 50 oregon beams $75 10% 
5 Sheet lattice work $86 15% 
2 300 x 25 oregon fascias $46 12% 
8 Laserlite sheets $32 1096 
a Determine Christopher's overall cost for the material, including the mark-up. 
b Determine the profit made by the retailer. 
c Determine the retailer's overall percentage profit, to two decimal places. 
d 
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2С Income 


e To understand a range of different ways in which employees сап be paid 

e То know how net income is calculated from gross income and deductions 

e То be able to calculate wages for overtime and shift work 

e То be able їо calculate commission 

Key vocabulary: wages, commission, salary, fees, gross income, overtime, deductions, net income, time and a half, 
double time, deductions 


newspapers or have a part-time job. As you move into 
the workforce it is important that you understand how 
you are paid. 


You may have earned money for baby-sitting or delivering ed E RS | 


© Lesson starter: Who earns what? 


As a class, discuss the different types of jobs held by 
different members of each person's family, and discuss 
how they are paid. 


* What are the different ways that people can be paid? 
* What does it mean when you work fewer than full-time hours? 
* What does it mean when you work longer than full-time hours? 


What other types of income can people in the class think of? 


Methods of payment 
8 Hourly wages: You are paid a certain amount per hour worked. 


Commission: You are paid a percentage of the total amount of sales. 
Salary: You are paid a set amount per year, regardless of how many hours you work. 


Fees: You are paid according to the charges you set; e.g. doctors, lawyers, contractors. 


Some terms you should be familiar with include: 

* Gross income: the total amount of money you earn before taxes and other deductions 

e Deductions: money taken from your income before you are paid; e.g. taxation, union 
fees, superannuation 

* Net income: the amount of money you actually receive after the deductions are taken 
from your gross income 


Net income = gross income — deductions 


Payments by hourly rate 
8 |f you are paid by the hour you will be paid an amount per hour for your normal working time. 
If you work overtime (hours beyond the normal working hours), the rates may be different. 


Usually, normal working time is 38 hours per week. 
Normal: 1.0 x normal rate 
Time and a half: 1.5 x normal rate 


Double time: 2.0 x normal rate 
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8 |f you work shift work the hourly rates may differ from shift to shift. 


For example: 
6 a.m.-2 p.m. $24.00/hour (regular rate) 
2 p.m.-10 p.m. $27.30/hour (afternoon shift rate) 
10 p.m.-6 a.m. $36.80/hour (night shift rate) 
Exercise 2C 
Understanding 1-3 
1 Match the job description on the left with the method of payment on the right. 
a Jennie is paid $85 600 per year A hourly wage 
b Danielle earns 3% of all the sales she makes В fee 
с Jett earns $18.90 per hour worked C commission 
d Stuart charges $450 for a consultation D salary 
m 2 Callum earns $1090 a week and has annual deductions of $19 838. Hint: Net — total — deductions 
What is Callum's net income for the year? Assume 52 weeks in a year. | 
Н 3 If Tao earns $15.20 рег hour, calculate his: AIRE Ton aca cat 
a time-and-a-half rate b double-time rate = 1.5 x hourly rate 


Fluency 


Example 10 Finding gross and net income (including overtime) 


Pauline is paid $13.20 per hour at the local stockyard to muck out the stalls. Her normal hours of 
work are 38 hours per week. She receives time and a half for the next 4 hours worked and double 
time after that. 


a What will be her gross income if she works 50 hours? 
b If she pays $220 per week in taxation and $4.75 in union fees, what will be her weekly net income? 


Solution Explanation 
a Gross income = 38 x $13.20 Normal 38 hours 
+4 х 1.5 х $13.20 Overtime rate for next 4 hours: time and a 
+8 x2 x $13.20 half = 1.5 x normal 
= $792 Overtime rate for next 8 hours: double 


time = 2 x normal 


b Net income = $792 — ($220 + $4.75) Net income = gross income — deductions 
= $567.25 
Now you try 


Toby is paid $17.50 per hour at his supermarket job. His normal hours of work are 38 hours per week. 
He receives time and a half for the next 6 hours worked and double time after that. 

a What will be his gross income if he works 48 hours in a week? 

b If he pays $240 per week in taxation and $6.50 in union fees, what will be his weekly net income? 
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4 Jack is paid $14.70 per hour. His normal hours of work аге 38 hours per week. He receives time and 
a half for the next 2 hours worked and double time after that. 
a What will be his gross income if he works 43 hours? 
b If he has $207.20 of deductions, what will be his weekly net income? 


m 5 Copy and complete this table. 


00.0002 


Normal | Time and Double 
Hourly hours a half time Gross Net 
rate worked hours hours income Deductions income 
$15 38 0 0 $155 
$24 38 2 0 $220 
$13.15 38 4 1 5300 
570 40 2 3 5510 
517.55 35 4 6 5184 


Example 11 Calculating shift work 


Michael is a shift worker and is paid $31.80 per hour for the morning shift, $37.02 per hour for the 
afternoon shift and $50.34 per hour for the night shift. Each shift is 8 hours. In a given fortnight he 
works four morning, two afternoon and three night shifts. Calculate his gross income. 


Solution 


Explanation 


Gross income = 4 x 31.80 x 8 


+2 х 37.02 x 8 
+3 х 50.34 x 8 


= $2818.08 


Now you try 


4 morning shifts at $31.80 per hour for 8 hours 


2 afternoon shifts at $37.02 per hour for 8 hours 


3 night shifts at $50.34 per hour for 8 hours 
Gross income because tax has not been paid. 


Kate is a shift worker and is paid $26.20 per hour for the morning shift, $32.40 per hour for the 
afternoon shift and $54.25 per hour for the night shift. Each shift is 8 hours. In a given fortnight she 
works five morning, three afternoon and two night shifts. Calculate her gross income. 


Н 6 Greg works shifts at a processing plant. In a given rostered fortnight 
he works: 

e 3 day shifts ($31.80 per hour) 

e 4 afternoon shifts ($37.02 per hour) 

* 4night shifts ($50.34 рег hour). 


a 


b 
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If each shift is 8 hours long, determine Greg's gross 
income for the fortnight. 
If the answer to part а is Greg's average fortnightly 


income, what will be his gross income for a year 


(i.e. 52 weeks)? 
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Many hospital workers work shift work. 
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Example 12 Calculating income involving commission 


Jeff sells memberships to a gym and receives $225 per week plus 5.5% commission on his sales. 
Calculate his gross income after a 5-day week. 


Day 1 2 3 4 5 
Sales ($) 680 450 925 1200 1973 
Solution Explanation 
Total sales = $4630 Determine the total sales: 680 + 450 + 925 + 
1200 + 1375. 
Commission = 5.596 of $4630 Determine the commission on the total sales at 
= 0.055 x $4630 5.5% by multiplying 0.055 by the total sales. 
= $254.65 
Gross income = $225 + $254.65 Gross income is $225 plus commission. 
= $479.65 


Now you try 


Jin sells vacuum cleaners and receives $250 per week plus 4.396 commission on her sales. 
Calculate her gross income after a 5-day week. 


Day 1 2 3 4 3 
Sales ($) 1230 690 1422 1590 2648 


m 7 A car salesman earns $5000 a month plus 3.5% commission on all sales. In the month of January 
his sales total was $56 000. Calculate: 
a his commission for January b his gross income for January 


m 8 A real estate agent receives 2.75% commission on the sale of a house valued at $1 250 000. 
Find the commission earned. 


m 9 Sarah earns an annual salary of $77 000 plus 296 commission on all sales. Find: 
a her weekly base salary before sales 

b her commission for a week when her sales totalled $7500 

c her gross weekly income for the week in part b 

d herannual gross income if over the year her sales totalled $571 250 


Problem-solving and reasoning 10, 11 


E 10 If Simone receives 510000 on the sale of a property worth $800 000, 


2 Hint: What percentage of $800 000 
calculate her rate of commission. is $10 0002 


11 Jonah earns a commission on his sales of fashion items. For goods to the value of $2000 he receives 
6% and for sales over $2000 he receives 9% on the amount in excess of $2000. In a given week 
he sold $4730 worth of goods. Find the commission earned. 


vite . Е . 1 р 
12 William earns 1.75% commission on all sales at the electrical goods store | | | e. 
pa | ee Hint: 1.75% is $35. Find 1%, y 
where he works. If William earns $35 in commission on the sale of one ЙЕРИ? 
television, how much аш the TV sell for? 
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82 Chapter 2 Consumer arithmetic 


Elmo’s payslip 


Е 13 Refer to the payslip below to answer the following questions. 


Kuger Incorporated 
Employee ID: 75403A Page: 1 
Name: Elmo Rodriguez Pay Period: 21/05/2016 
Pay Method: EFT Tax Status: Gen Exempt 
Bank account name: E. Rodriguez 
Bank: Mathsville Credit Union 
BSB: 102-196 Account No: 00754031 
Payment Details this pay: 
Amount Days Payment Description Rate/Frequency 
277715 14.00 Normal time $72 454/annum 
Before tax deductions: 
This pay Description 
170 Salary sacrifice: car pre-tax deduction 
Miscellaneous deductions: 
This pay Description 
52.90 Health fund 
23.10 Union fees 
76.00 
Reconciliation details: 
This pay YTD Description 
2607.15 62 571.60 Taxable gross pay 
616.00 14 784.00 less income tax 
76.00 1824.00 less miscellaneous deductions 
1915.15 45 963.60 
a Which company does Elmo work for? 
b What is the name of Elmo's bank and what is his account number? 
c How much gross pay does Elmo earn in 1 year? 
d How often does Elmo get paid? 
e How much, per year, does Elmo salary sacrifice? 
f How much is Elmo's health fund contribution each week? 


Calculate 1 year's union fees. 


=> е 


Using the information on this payslip, calculate Elmo's annual tax and also his annual 
net income. 


If Elmo works Monday to Friday from 9 a.m. to 5 p.m. each day for an entire year, calculate his 
effective hourly rate of pay. Use Elmo's fortnightly payment as a starting point. 
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2D Income taxation 83 


2D Income taxation Ж 


e To understand how the key components of the Australian taxation system work 
e То be able to calculate a person's taxable income 
e To be able to calculate a person's tax payable using Australian tax brackets 


Key vocabulary: taxation, employer, employee, tax return, taxable income, tax bracket, levy, deductions, 
p.a. (per annum) 


It has been said that there are only two 
sure things in life: death and taxes! The 
Australian Taxation Office (ATO) collects 
taxes on behalf of the government to pay 
for education, hospitals, roads, railways, 
airports and services, such as the police 
and fire brigades. 

In Australia, the financial year runs 
from July 1 to June 30 the following year. 
People engaged in paid employment are 
normally paid weekly or fortnightly. Most 
of them pay some income tax every time 
they are paid for their work. This is 
known as the Pay-As-You-Go system 
(PAYG). 

At the end of the financial year June 30), people who earned an income complete an income tax return 
to determine if they have paid the correct amount of income tax during the year. 

If they paid too much, they will receive a refund. If they did not pay enough, they will be required to 
pay more. 

The Australian tax system is very complex and the laws change frequently. This section covers the main 
aspects only. 


Q Lesson starter: The ATO website 
The Australian Taxation Office website has some income tax calculators. Use one to find out how much 
income tax you would need to pay if your taxable income is: 

$5200 per annum (i.e. $100 per week) 

$10400 per annum (i.e. $200 per week) 

515 600 per annum (i.e. $300 per week) 

$20 800 per annum (i.e. $400 per week) 

$26000 per annum (i.e. $500 per week) 


Does a person earning $1000 per week pay twice as much tax as a person earning $500 per week? 


Does a person earning $2000 per week pay twice as much tax as a person earning $1000 per week? 
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ED LL 


The Employee 
You 

(the employee 

and taxpayer) 


The ATO 


'The Australian 
Taxation 
Office 


The Employer 


The boss 
(your employer) 


8 The PAYG tax system works in the following way. 

* The employee works for and gets paid by the employer every week, fortnight or month. 

* The employer calculates the tax that the employee should pay for the amount earned 
by the employee. 
The employer sends that tax to the ATO every time the employee gets paid. 
The ATO passes the income tax to the federal government. 
On June 30, the employer gives the employee a payment summary to confirm the amount 
of tax that has been paid to the ATO on behalf of the employee. 

* Between July 1 and October 31, the employee completes a tax return and sends it to the 
ATO. Some people pay a registered tax agent to do this return for them. 

e On this tax return, the employee lists the following. 
- All forms of income, including interest from investments. 
- Legitimate deductions shown on receipts and invoices, such as work-related expenses 

and donations. 

• Taxable income is calculated using the formula: 
Taxable income = gross income — deductions 

e There are tables and calculators on the ATO website, such as the following. 


Taxable income Tax on this income 

0 — $18 200 Nil 

$18 201 — $37 000 196 for each $1 over $18 200 

$37 001 — $80 000 $3572 plus 32.5c for each $1 over $37 000 
$80 001 — $180 000 $17 547 plus 37с for each $1 over $80 000 
5180001 and over $54 547 plus 45c for each $1 over $180 000 


This table can be used to calculate the amount of tax you should have paid (i.e. the tax 
payable), as opposed to the tax you did pay during the year (i.e. the tax withheld). Each 
row in the table is called a tax bracket. 

e You may also need to pay the Medicare levy. This is a scheme in which all Australian 
taxpayers share in the cost of running the medical system. For many people this is currently 
296 of their taxable income. 

e Itis possible that you may have paid too much tax during the year and will receive a 
tax refund. 

e |tis also possible that you may have paid too little tax and will receive a letter from the ATO 
asking for the tax liability to be paid. 
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Exercise 2D 


Understanding 1-3 


Note: The questions in this exercise relate to the tax table given in Key ideas, unless stated otherwise. 


1 Complete this statement: Taxable income = income minus 


2 Based on the table in the key ideas, determine if the following statements are true or false? 
a A taxable income of $10 400 requires no tax to be paid. 
b The highest income earners in Australia pay 45 cents tax for every dollar they earn. 


3 In the 2019/2020 financial year, Ann's taxable income was $80 000, which puts her at the very top of 
the middle tax bracket in the tax table. Ben's taxable income was $80 001, which puts him in a higher 
tax bracket. Ignoring the Medicare levy, how much extra tax did Ben pay compared to Ann? 


During the 2019/2020 financial year, Richard earned $1050 per week ($54 600 per annum) from his 
employer and other sources, such as interest on investments. He has receipts for $375 for 
work-related expenses and donations. 


a Calculate Richard's taxable income. 
b Use this tax table to calculate Richard's tax payable amount. 


Taxable income Tax on this income 

0 — $18 200 Nil 

$18201 — $37 000 19c for each $1 over $18 200 

$37001 — $80 000 $3572 plus 32.56 for each $1 over $37 000 
$80001 — $180 000 $17 547 plus 37c for each $1 over $80 000 
$180 001 and over $54 547 plus 45с for each $1 over $180 000 


с Richard must also pay the Medicare levy of 2% of his taxable income. How much is the 
Medicare levy? 

d Add the tax payable and the Medicare levy amounts. 

e Express the total tax in part d as a percentage of Richard's taxable income, to one decimal place. 

f During the financial year, Richard's employer sent a total of $7797 in tax to the ATO. Has Richard 
paid too much tax or not enough? Calculate his refund or liability. 


Solution Explanation 


a Gross income = $54 600 Taxable income = gross income — deductions 
Deductions = $375 
Taxable income = $54 225 


b Tax payable: Richard is in the middle tax bracket in the table, 
$3572 + 0.325 х ($54 225 — $37 000) in which it says: 
= $9170.13 $3572 plus 32.5с for each $1 over $37 000 
Note: 32.5 cents is $0.325. 
с б х 54225 = $1084.50 Medicare levy is 2% of the taxable income. 
Continued on next page 
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$9170.13 + $1084.50 = $10 254.63 This is the total amount of tax that Richard 
should have paid. 

е 10254.63 > 100 = 18.9% (to 1 d.p.) This implies that Richard paid approximately 

54225 ҮЛ : 
18.9% tax on every dollar. This is sometimes 
read as ‘18.9 cents in the dollar’. 

f Richard paid $7797 in tax during the year. This is known as a shortfall or a liability. He 
He should have paid $10 254.63. Richard has will receive a letter from the ATO requesting 
not paid enough tax. He must pay another payment of the difference. $10 254.63 — $7797 = 
$2457.63 in tax. $2457.63 

Now you try 


During the 2019/2020 financial year, Francesca earned $82 300 per annum from her employer and 
other sources, such as interest on investments. She has receipts for $530 for work-related expenses 
and donations. 


a 
b 
с 


Calculate Francesca’s taxable income. 

Use the tax table from the Key ideas to calculate Francesca's tax payable amount. 
Francesca must also pay the Medicare levy of 2% of her taxable income. How much is 
the Medicare levy? 


d Add the tax payable and the Medicare levy amounts. 


Е 5 


Express the total tax in part @ as a percentage of Francesca’s taxable income, to 

one decimal place. 

During the financial year, Francesca's employer sent a total of $17 445 in tax to the ATO. 
Has Francesca paid too much tax or not enough? Calculate her refund or liability. 


During the 2019/2020 financial year, Liam earned $94220 per annum from his employer and other 
Sources, such as interest on investments. He has receipts for $615 for work-related expenses and donations. 
a Calculate Liam's taxable income. 
b Use the tax table from the Key ideas to calculate Liam's tax payable amount. 
с Liam must also pay the Medicare levy of 2% of his taxable income. How much is the Medicare 
levy? 
Add the tax payable and the Medicare levy amounts. 
Express the total tax in part d as a percentage of Liam's taxable income, to one decimal place. 
f During the financial year, Liam's employer sent a total of $25 249 in tax to the ATO. Has Liam paid 
too much tax or not enough? Calculate his refund or liability. 


Use the tax table in the key ideas to calculate the income tax payable on these taxable incomes. 
a $30000 b 560000 с $150000 d $200000 
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m 6 Lee has come to the end of her first financial year employed as a website developer. 
On June 30 she made the following notes about the financial year. 


Gross income from employer $58 725 Hint: ; 

int: Taxable income — (777) 
Gross income from casual job $7500 all incomes — deductions шин 
Interest on investments $75 
Donations $250 
Work-related expenses $425 
Tax paid during the financial year $13 070 


Calculate Lee's taxable income. 

Use the tax table shown in Example 13 to calculate Lee's tax payable amount. 

Lee must also pay the Medicare levy of 2% of her taxable income. How much is the Medicare levy? 
Add the tax payable and the Medicare levy. 

Express the total tax in part d as a percentage of Lee's taxable income, to one decimal place. 

Has Lee paid too much tax or not enough? Calculate her refund or liability. 


Problem-solving and reasoning 7,8, 10, 11 


Н 7 Alec's Medicare levy is $1750. This is 2% of his taxable income. What is Alec's taxable income? 


осоо c ® 


Е 8 Tara is saving for ап overseas trip. Her taxable income is usually about $20 000. She estimates that she 
will need $5000 for the trip, so she is going to do some extra work to raise the money. How much 
extra will Tara need to earn in order to save the extra $5000 after tax? 


Е 9 When Saled used the tax table to calculate his income tax S 


. ep : Hint: Use the tax table given in Example 13 
payable, it turned out to be $23 097. What is his taxable income? to determine in which tax bracket Saled falls. 


10 Explain the difference between a tax refund and a tax liability. 


11 Gordana looked at the last row of the tax table and said, ‘It is so unfair that people in that tax bracket 
must pay 45 cents in every dollar in tax.' Explain why Gordana is incorrect. 
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E) 12 The most recent significant change to 
Australian income tax rates was first 
applied in the 2012/2013 financial year. 
Consider the tax tables for the two 
consecutive financial years 2011/2012 
and 2012/2013. Note that the amounts 
listed first in each table are often called 
the tax-free threshold (i.e. the amount 
that a person can earn before they 
must pay tax). 


13 


a 


There are some significant changes 
between the financial years 
2011/2012 and 2012/2013. 

Describe three of them. 


Taxable income 


2011/2012 
Tax on this income 


0 — $6000 


Nil 


$6001 — $37 000 


15c for each $1 over $6000 


$37 001 — $80 000 


$4650 plus 30c for each $1 over $37 000 


$80 001 — $180 000 


$17 550 plus 37c for each $1 over $80 000 


$180 001 and over 


$54 550 plus 45c for each $1 over $180 000 


2012/2013 


Taxable income 


Tax on this income 


0 — $18 200 


Nil 


$18 201 — $37 000 


19c for each $1 over $18 200 


$37 001 — $80 000 


$3572 plus 32.5c for each $1 over $37 000 


$80 001 — $180 000 


$17 547 plus 37c for each $1 over $80 000 


$180 001 and over 


$54 547 plus 45c for each $1 over $180 000 


The following people had the same taxable income during both financial years. Find the 
difference in their tax payable amounts and state whether they were advantaged or 
disadvantaged by the changes, or not affected at all? 
ii Xi: Taxable income = $15 000 
iv Diego: Taxable income = $50 000 


i Ali: Taxable income = $5000 


ili Charlotte: Taxable income = $30 000 


Below is the tax table for people who are not residents of Australia but are working in Australia. 


Taxable income 


Tax on this income 


$1 — $90 000 32.5c for each $1 


$90 001 — $180000 


$29 250 plus 37c for each $1 over $90 000 


$180 001 and over 


$62 550 plus 45c for each $1 over $180 000 


Compare this table to the one in the example for Australian residents. 
What difference would it make to the amount of tax paid by these people if they were non-residents 
rather than residents? 


a 


Ali: Taxable income = $5000 


b Xi: Taxable income = $15 000 


c Charlotte: Taxable income = $30 000 
d Diego: Taxable income = $100 000 


Ж What are legitimate tax deductions? 


14 a Choose an occupation or career in which you are interested. Imagine that you are working in that 
job. During the year you will need to keep receipts for items you have bought that are legitimate 
work-related expenses. Do some research on the internet and write down some of the things that 
you will be able to claim as work-related expenses in your chosen occupation. 


і Imagine your taxable income is $80 000. What is your tax payable amount? 
ii You just found a receipt for a $100 donation to a registered charity. This decreases your taxable 
income by $100. By how much does it decrease your tax payable amount? 
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2Е Budgeting 


e То know the types of expenses that are included in a budget 

e To understand how a budget is affected by fixed and variable expenses 

e То be able to calculate savings and other expenses based on the information in a budget 
e To be able to calculate the best buy (cheapest deal) from a range of options 

Key vocabulary: budget, fixed expenses, variable expenses 


Once people have been paid their income for the week, fortnight or month, they must plan how to 
spend it. Most families work on a budget, allocating money for fixed expenses such as the mortgage or 
rent and the varying (i.e. changing) expenses of petrol, food and clothing. 


o Lesson starter: Expenses for the month 


Write down everything that you think your family would spend money on for the week and the month, 
and estimate how much those things might cost for the entire year. Where do you think savings could be 
made? What would be some additional annual expenses? 


8 Abudgetis an estimate of income and expenses for a period of time. 


® Managing money for an individual is similar to operating a small business. Expenses can be 
divided into two areas: 
* Fixed expenses (these do not change during a time period): payment of loans, mortgages, 
regular bills etc. 
* Variable expenses (these costs change over a time period): clothing, entertainment, food 
etc. (these are estimates) 


@ When your budget is completed you should always check that your figures are 
reasonable estimates. 


8 By looking at the budget you should be able to see how much money is remaining; this can be 
used as savings or to buy non-essential items. 


Exercise 2E 


Understanding 


1 Classify each expense listed below as most likely a fixed expense or a variable expense. 
a monthly rent 
b monthly phone bill payment plan 
c take away food 
d stationery supplies for work 


Em 2 Binh has an income of $956 a week. His expenses, both fixed and variable, total $831.72 of his 
income. How much money can Binh save each week? 


m 3 Roslyn has the following monthly expenses. Mortgage = $1458, mobile phone = $49, internet = $60, 
council rates = $350, water = $55, electricity = $190. What is the total of Roslyn's monthly expenses? 
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P Fluency Oe | 


Example 14 Budgeting using percentages 


Fiona has a net annual income of 536 000 after deductions. She allocates her budget on a percentage 


basis. 
Mortgage | Car loan | Food | Education | Sundries | Savings 


Expenses (%) 20 15 25 20 10 10 


а Determine the amount of fixed expenses, including the mortgage, car loan and education. 
b How much should Fiona save? 
с Is the amount allocated for food reasonable? 


Solution Explanation 
a Fixed expenses = 55% 01536000 The mortgage, car loan and education are 55% in total. 
= 0.55 x $36 000 Change 55% to a decimal and multiply by the net 
= $19 800 INCOME. 
b Savings = 10% of $36 000 Savings are 10% of the budget. 
= 0.1 x $36000 Change 10% to a decimal and multiply by the net 
= $3600 income. 
c Food = 25% of $36000 Food is 25% of the budget. 
= 0.25 x $36 000 Change 2596 to a decimal and calculate. 
— $9000 per year, or Divide the yearly expenditure by 52 to make a 
$173 per week decision on the reasonableness of your answer. 


This seems reasonable. 


Now you try 
Kyle has a net annual income of $64 200 after deductions. He allocates his budget on a percentage 
basis. 
Rent Food Entertainment Bills Transport Sundries Savings 
Expenses (90) 30 10 10 15 5 10 20 


a Determine the amount of fixed expenses including the rent and bills. 
b How much should Kyle save? 
с Is їе amount allocated for transport reasonable? 


E 4 Paul has an annual income of $75 000 after deductions. He allocates his budget on a percentage basis. 


Mortgage | Car loan | Personal loan | Clothing | Food | Other 
Expenses (966) 20 10 25 5 10 30 


a Determine the amount of fixed expenses, including the mortgage and loans. 
b How much should Paul have left over after paying for his mortgage, car loan and personal loan? 
с Is the amount allocated for food reasonable? 
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Н 5 Lachlan has an income of $2120 рег month. If he budgets лав 3, х, 


2Е Budgeting 


5% for clothes, how much will he actually have to spend 
on clothes each month? 


Example 15 Budgeting using fixed values 


Running a certain type of car involves yearly, monthly and weekly expenditure. Consider the following 
vehicle's costs. 


e lease $210 per month 
* registration $475 per year 

* insurance $145 per quarter 
* Servicing $1800 per year 

* petrol $37 per week 


3 Determine the overall cost to run this car for a year. 


b What percentage of a $70 000 salary would this be, correct to one decimal place? 


Solution Explanation 
a Overall cost= 210 х 12 Leasing cost: 12 months in a year 
+ 475 Registration cost 
+ 145x4 Insurance cost: 4 quarters in a year 
+ 1800 Servicing cost 
+ 37x52 Petrol cost: 52 weeks in a year 
= 57299 The overall cost is found by adding the 


The overall cost to run the car is $7299. individual totals. 


b % of salary = Aa x 100 Percentage = сэ T х 100 
= 10.4% (to 1 d.p.) Round as required. 


Now you try 


Running a boat involves yearly, monthly and weekly expenditure. Consider the following 
boat's costs. 


* registration $342 per year 

* insurance $120 per quarter 
* Servicing $360 per year 

* fuel $300 per month 
e storing boat $2400 per year 


а Determine the overall cost to run this boat for a year. 


c 


What percentage of a $82 000 salary would this be, correct to one decimal place? 
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нэ 6 Eliana is a student and has the following expenses in her budget. 


m rent $270 per week Эс 
electricity $550 per quarter Hint: Use 52 weeks in a year, 12 months C] 
phone and internet $109 per month in a year and 4 quarters in a year. 


car $90 per week 

food $170 per week 

insurance $2000 a year 

Determine Eliana's costs for a year. 

b What percentage of Eliana's net annual salary of $45000 would this be, correct to 
one decimal place? 


Н 7 The costs of sending a student to Modkin Private 
College are as follows. 

e fees per term (4 terms) $1270 

e subject levies per year $489 

e building fund per week $35 

e uniforms and books per year $367 

Determine the overall cost per year. 

b If the school bills twice a year, covering all the 
items above, what would be the amount of 
each payment? 

с How much should be saved per week to make 
the biannual payments? 


Н 8 A small business owner has the following expenses to budget for. 
* rent $1400 a month 

phone line $59 a month 

wages $1200 a week 

electricity $430 a quarter 

water $120 a quarter 

insurance $50 a month 

a Whatis the annual budget for the small business? 


b How much does the business owner need to make each week just to break even? 
c If the business earns $5000 a week, what percentage of this needs to be spent on wages? 


Problem-solving and reasoning 9, 10, 12-14 


E 9 Francine's petrol budget is $47 from her weekly income of $350. 
a What percentage of her budget is this? Give your answer to two decimal places. 


b If petrol costs $1.59 per litre, how many litres of petrol, correct to two decimal places, is Francine 
budgeting for in a week? 


E 10 Grant works a 34-hour week at $15.50 per hour. His net income is 65% of his gross income. 
a Determine his net weekly income. 


b If Grant spends 12% of his net income on entertainment, determine the amount he actually spends 
per year on entertainment. 


c Grant saves $40 per week. What percentage of his net income is this (to two decimal places)? 
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Н 11 Dario earns $432 рег fortnight at a take-away pizza shop. He budgets 20% Тог food, 10% for 


recreation, 13% for transport, 20% for savings, 25% for taxation and 12% for clothing. 

а Determine the actual amount budgeted for each category every fortnight. 

Dario's wage increases by 30%. 

b Determine how much he would now save each week. 

c What percentage increase is the answer to part c on the original amount saved? 

d Determine the extra amount of money Dario saves per year after his wage increase. 

e If transport is a fixed expense, its percentage of Dario's budget will change. Determine the new 
percentage. 


Soft drink is sold in three convenient packs at the local store. 
e carton of 36 (375 mL) cans at $22. 


• а six-pack of (375 mL) cans at $5.00 
e 2-litre bottles at $2.80 
Determine the cheapest way to buy the soft drink. 


Solution Explanation 
Buying by the carton: 
Cost = $22.50 + (36 x 375) Total mL = 36 x 375 
= $0.0017 per mL Divide to work out the cost per mL. 
Buying by the six-pack: 
Cost = $5 + (6 x 375) Total mL = 6 x 375 
= $0.0022 рег mL 
Buying by the bottle: 
Cost = $2.80 + 2000 Total mL = 2 x 1000, since 1 L = 1000 mL. 
= $0.0014 per mL 
-. The cheapest way to buy the soft drink is to Compare the three costs per mL. 


buy the 2-litre bottle. 


Now you try 


A brand of toilet rolls are sold in three pack types at the supermarket. 
* a pack of 18 rolls for $8.82 

* a pack of 6 rolls for $3.30 

* a pack of 4 double length rolls for $3.68 

Determine the cheapest way to buy the toilet rolls. 
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ES 12 Tea bags can be purchased from the supermarket in three forms. 
e 25 tea bags at $2.36 
* 50 bags at $4.80 


e 200 bags at $15.00 
What is the cheapest way to buy tea bags? 


m 13 A weekly train concession ticket costs $16. A day ticket costs $3.60. If you are going to school only 
4 days next week, is it cheaper to buy one ticket per day or a weekly ticket? 


m 14 A holiday caravan park offers its cabins at the 
following rates. 


e $87 per night (Sunday-Thursday) 
e $187 fora weekend (Friday and Saturday) 


e $500 per week 
a Determine the nightly rate in each case. 
b Which price is the best value? 


E 15 Tomato sauce is priced at: 
e 200mL bottle $2.35 
e 500mL bottle $5.24 
Find the cost per mL of the tomato sauce in each case. 
Which is the cheapest way to buy tomato sauce? 
What would be the cost of 200 mL at the 500 mL rate? 
How much would be saved by buying the 200 mL bottle at this rate? 
Suggest why the 200 mL bottle is not sold at this price. 


oO 0c 


Xr Minimum cost of tennis balls 


16 Safeserve has a sale on tennis balls for one month. 
When you buy: 
e 1 container, it costs $5 


e 6 containers, it costs $28 
e ]2containers, it costs $40 


e 24 containers, it costs $60 


You need 90 containers for your club to have enough for a season. 
a Determine the minimum cost if you buy exactly 90 containers. 


b Determine the overall minimum cost, and the number of extra containers you will have in this 
situation. 
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2F Simple interest 


Learning intentions 


To understand how simple interest is calculated 

To be able to calculate interest using the simple interest formula 

To be able to determine the rate of interest based on the interest earned 

To be able to calculate the amount owing on a loan and calculate repayments 


Key vocabulary: principal, rate of interest, simple interest, annual, invest, borrow 


Borrowed or invested money usually has an 
associated interest rate. The consumer needs 
to establish the type of interest they are 
paying and the effects it has on the amount 
borrowed or invested over time. Some loans 
or investments deliver the full amount of 
interest using only the initial loan or 
investment amount in the interest 
calculations. These types are said to use 
simple interest. 


Ө Lesson starter: How long to invest? 


Marcus and Brittney each have $200 in their bank accounts. Marcus earns $10 a year in interest. Brittney 
earns 10% p.a. simple interest. 


For how long must each of them invest their money for it to double in value? 


8 Simple interest is a type of interest that is calculated on the amount invested or borrowed. 


8 The terms needed to understand simple interest are: 

* Principal (P): the amount of money borrowed or invested 
Rate of interest (r): the annual (yearly) percentage rate of interest (e.g. 3% p.a.) 
Time (7): the number of years for which the principal is borrowed or invested 
Interest (Т): the amount of interest accrued over a given time. 


8 The formula for calculating simple interest is: 
I = principal x rate x time 


Тэ иг (Since the rate is a percentage) 


® Total repaid = amount borrowed + interest 
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Exercise 2F 


Understanding 1,2 
_ Prt. 
1 In the formula J = 100 
a Iisthe b Pisthe 
c risthe d tis the 
2 Calculate interest earned (1) if: es 
a P=1000,r=4,t=5 b P=2500,r=3,t=4 Hint Use 7 — Prt 


100 


Fluency 


Example 17 Using the simple interest formula 


Use the simple interest formula, J = ги, to find: 


а the interest (7) when $600 is invested at 8% p.a. for 18 months 
b the annual interest rate (r) when $5000 earns $150 interest in 2 years 


Solution Explanation 
a P=600 Write out the information that you know 
pes and the formula. 
гэ 18 тот 15: — = 1.5 уеаг< 
а Еи 
1= 100 
= шин Substitute into the formula using years 
for t. 
= 72 
The interest is $72 in 18 months. 
b Р= 5000 Write the formula and the information 
Т.= 150 known. 
t = 2 years Substitute the values into the formula and 
us solve the equation to find r. 
150 = 5000 x r x 2 100 
100 
150 = 100 xr 
ре 15 
The simple interest rate is 1.5% per year. Write the rate as a percentage. 
Now you try 
Use the simple interest formula, J = m to find: 


а the interest (7) when $450 is invested at 5% p.a. for 30 months 
b the annual interest rate (r) when $3500 earns $210 interest in 3 years 
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Prt 
100” 
a the interest (7) when $500 is invested at 6% p.a. Тог 24 months 

b the annual interest rate (r) when $3000 earns $270 interest in 3 years 


3 Use the simple interest formula, 7 = to find: 


Н 4 Copy and complete this table of values for J, P, r and t. 


P Rate Time [ Hint: Use J = == 
а | $700 5% р.а. 4 years 
b | $2000 796 р.а. 3 years 
c | $3500 3% p.a. 22 months 
d| $750 2 } 96 p.a. 30 months 
е | 522500 3 years $2025 
f | $1770 5 years $354 


Example 18 Calculating repayments with simple interest 


$3000 is borrowed at 12% p.a. simple interest for 2 years. 


a What is the total amount owed over the 2 years? 
b If repayments of the loan are made monthly, how much would each payment need to be? 


Solution Explanation 
8) P=Sx000, p= 12, =? List the information you know. 
jp 00 Write the formula. 
100 
2900070120512 Substitute the values and evaluate. 
100 
= $720 
Total amount = $3000 + $720 Total amount is the original amount 
= $3720 plus the interest. 
b Amount of each payment = $3720 + 24 2 years = 24 months 
= $155 per month There are 24 payments to be made. 


Divide the total by 24. 
Now you try 
$5400 is borrowed at 9% p.a. simple interest for 4 years. 


a What is the total amount owed over the 4 years? 
b If repayments of the loan are made monthly, how much would each payment need to be? 


5 $5000 is borrowed at 11% p.a. simple interest for 3 years. 22 
a What is the total amount owed over the 3 years? ИС 
b If repayments of the loan are made monthly, how much would 
each payment need to be? 


edi 


m 6 Under hire purchase, John bought a second-hand car for $11 500. He paid no deposit and decided to 
pay the loan off in 7 years. If the simple interest is 6.45%, determine: 
a the total interest paid 
b the total amount of the repayment 
c the payments per month 
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ЕЭ, 
8 


В ? 
В ° 


= 10 
Е 1 
Е 12 


Н " 


510000 is borrowed to buy a second-hand BMW. The interest is 
calculated at a simple interest rate of 19% р.а. over 4 years. 

а What is the total interest on the loan? 

b How much is to be repaid? 

с What is the monthly repayment on this loan? 


8-10 


Problem-solving and reasoning 


How much interest will Giorgio receive if he invests $7000 in stocks at 
3.6% p.a. simple interest for 4 years? 


Rebecca invests $4000 for 3 years at 5.7% p.a. simple interest paid 

yearly. 

a How much interest will she receive in the first year? 

b Whatis the total amount of interest Rebecca will receive over the 
3 years? 

с How much money will Rebecca have after the 3-year investment? 


An investment of $15 000 receives an interest payment over 3 years Hint: Substitute into the formula 2 
of 57200. What was the rate of simple interest per annum? [= Prt and solve the resulting 


equation. 


Jonathon wishes to invest $3000 at 8% per annum. How long will 
he need to invest for his total investment to double? 


Ivan wishes to invest some money for 5 years at 4.5% p.a. paid yearly. If he wishes to receive 
$3000 in interest payments per year, how much should he invest? Round your answer to the nearest 
dollar. 


Gretta's interest payment on her loan totalled $1875. If the interest rate was 596 p.a. and the loan had 
a life of 5 years, what amount did she borrow? 


Which way is best? 


g^ 


A shed manufacturer offers finance with a rate of 3.596 p.a. paid at the end of 5 years with a deposit 
of 1096, or a rate of 6.496 repaid over 3 years with a deposit of 2096. 

Melania and Donald decide to purchase a fully erected four-square shed for $12 500. 

a How much deposit will they need to pay in each case? 

b What is the total interest they will incur in each case? 

c If they decided to pay per month, what would be their monthly repayment? 

d Discuss the benefits of the different types of purchasing methods. 
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Progress quiz 99 


| 24А 1 Express: 
a 


d 


32% as a decimal b 8% as a simplified fraction 
11 5 

€ 55858 percentage d 16 854 percentage 

e 0.252 as a percentage f 151% as а fraction 


DEY 2 Gina puts 36% of her $6000 monthly salary in a savings account. How much does she 
have left over? 


ИЖЭ 3 Complete the following. 
Н а Increase $230 by 24% 
b Increase 180mL by 8% 
с Decrease 156cm by 15% 


-— 
О 
© 
um ! 
(D 
0 
Ф 
© 
= 
N 


DED 4 A $299 coffee machine is discounted by 35%. 
What is the discounted price? 


ЕЗ 5 An illegal scalper buys a concert ticket for $150 and sells it for $210. What is 
m the percentage profit? 


ГҮ? 6 Find the gross income for a particular week in the following work situations. 

F a Pippa is a door-to-door sales representative for an air conditioning company. She earns 
$300 per week plus 8% commission on her sales. In a particular week she makes $8200 
worth of sales. 

b Ari is paid $15.70 per hour in his job as a shop assistant. The first 36 hours he works in a 
week are paid at the normal hourly rate, the next 4 hours at time and a half and then 
double time after that. Ari works 42 hours in a particular week. 


100 Chapter 2 Consumer arithmetic 


2) 7 During the 2019/2020 financial year, Cameron earned $76 300 per annum. 
E He had receipts for $425 for donations and work-related expenses. 
a Calculate Сатегоп5 taxable income. 
b Use this tax table to calculate Cameron's tax payable amount, to the nearest cent. 
Taxable income Tax on this income 
0 — $18 200 Nil 
$18 201 — $37 000 19c for each $1 over $18 200 
$37 001 — $80 000 $3572 plus 32.5c for each $1 over $37 000 
$80 001 — $180 000 $17 547 plus 37c for each $1 over $80 000 
$180 001 and over $54 547 plus 45c for each $1 over $180 000 


c Cameron also must pay the Medicare levy of 296 of his taxable income. How much is 
the levy, to the nearest cent? 

d During the financial year, Cameron's employer sent a total of $15 255 in tax to 
the ATO on his behalf. By adding together your answers from parts b and c, calculate 
the amount Cameron must pay or will be refunded on his tax return. 


2E 8 Charli has the following expenses in her household budget. 
E * rent $320 per week 
phone and internet $119 per month 

electricity $72 per quarter 

car registration $700 per year 

other car costs $120 per month 

food $110 per week 

clothing $260 per month 

medical and other insurance $160 per month 

a Determine the overall cost for running the household for the year. (Use 52 weeks in 
a year.) 

b What percentage of an $82000 annual salary does your answer to part a represent? 
Round your answer to one decimal place. 


2F 9 Use the simple interest formula 7 — ЇИ to find: 
Е a the amount owed when $4000 is borrowed at 6% p.a. for 3 years 


b the investment period, in years, if an investment of $2500 at 4% p.a. earns $450 
in interest 


2G Compound interest 


e То understand how compound interest is calculated 
e То be able to apply the compound interest formula to calculate the total amount 
e Tobe able to use the compound interest formula with different time periods such as months 


Key vocabulary: compound interest, principal, rate of interest 


For simple interest, the interest is always calculated on the 
principal amount. Sometimes, however, interest is calculated on 
the actual amount present in an account at each time period 
that interest is calculated. This means that the interest is added 
to the amount, then the next lot of interest is calculated again 
using this new amount. This process is called compound 
interest. 

Compound interest can be calculated using updated 
applications of the simple interest formula or by using the 
compound interest formula. 


© Lesson starter: Investing using updated simple interest 


Consider investing $400 at 12% per annum. What is the balance at the end of 4 years if interest is added 
to the amount at the end of each year? 


Copy and complete the table to find out. 


Time Amount (A) Interest (/) New amount 
181 year $400 $48 $448 

2nd year $448 $53.76 $501.76 

3rd year $501.76 

4th year 


As you can see, the amount from which interest is calculated is continually changing. 


® Compound interest is a type of interest that is paid on a loan or earned on an investment, which 
is calculated not only on the initial principal but also on the interest accumulated during 
the loan/investment period. 


® Compound interest can be found by using updated applications of the simple interest formula. 
For example, $100 compounded at 10% p.a. for 2 years. 
Year 1: 100+ 10% of 100 = $110 
Year 2: 110+ 10% of 110 = $121, so compound interest = $21. 
8 The total amount іп an account using compound interest for a given number of time periods 
is given by: 
n 
шин 


100|” where: 


Principal (P) = the amount of money borrowed or invested 

Rate of interest (r) = the percentage applied to the principal per period of investment 
Periods (л) = the number of time periods the principal is invested 

Amount (A) = the total amount of your investment 


A=P|l+ 


8 Interest = amount (A) — principal (Р) 
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Exercise 2G 


Understanding 1-3 
1 Consider $500 invested at 10% p.a. compounded annually. es 
a How much interest is earned in the first year? | ТТ 
b What is the balance of the account once the first year's interest need to use $500 plus the | 
is added? interest from the first year. 
c How much interest is earned in the second year? 
d Whatis the balance of the account at the end of the second year? 


2 $1200 is invested at 4% p.a. compounded annually for 3 years. Complete the following. 


a 
b 
с 


3 Fill 
a 


b 


C 


The value of the principal P is 
496 is the , F. 
The number of time periods the money is invested is 


in the missing numbers. An, 


$700 invested at 8% р.а. compounded annually for 2 years. HERUM 2 
п 
А= (1.08) A- FU ig) | 


$1000 invested at 15% р.а. compounded annually for 6 years. 
A = 1000 ( у 
$850 invested at 6% р.а. compounded annually for 4 years. 
А = 850 ( ) 


Fluency 


Example 19 Using the compound interest formula 


Determine the amount after 5 years when $4000 is compounded annually at 8%. 


Solution Explanation 
P=4000, p=5, ге List the values for the terms you know. 
n 
= IES | 
А=Р|1+ 5s Write the formula. 
8 |” itute the val 
= 4000/1 + 15) Substitute the values. 
= 4000(1.08)° Simplify and evaluate. 
E5877: Write your answer to two decimal places, 


(nearest cent). 


Now you try 


Determine the amount after 4 years when $3000 is compounded annually at 696. 
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2G Compound interest 103 


4 Determine the amount after 5 years when: 
a $4000 is compounded annually at 5% ©: 
b $8000 is compounded annually at 8.35% Hint: A = {I ЭГ ы 
c $6500 is compounded annually at 16% 
d $6500 is compounded annually at 896 


5 Determine the amount when $100000 is compounded annually at 646 for: 
а lyear b 2years с 3 years 
d 5 years e 10 years f 15 years 


Calculate the number of periods and the rates of interest offered per period for each of 
the following. 

a 6% p.a. over 4 years paid monthly 

b 18% p.a. over 3 years paid quarterly 


Solution Explanation 
A maá 72063312 4 years is the same as 48 months, 
=48 =05 as 12 months = 1 year. 


6% p.a. = 6% in one year. 
Divide by 12 to find the monthly rate. 


b n=3x4 r=18+4 There are four quarters in 1 year. 
-12 24.5 
Now you try 


Calculate the number of periods and the rates of interest offered per period for each of the following. 


a 3% p.a. over 2 years paid monthly 
b 796 p.a. over 4 years paid bi-annually (twice yearly) 


6 Calculate the number of periods (n) and the rates of interest (r) 2 
offered per period for the following. (Round the interest rate to Hint: ‘Bi-annually’ means ‘twice a i 
three decimal places where necessary.) year’. 26 fortnights = 1 year 


a 696 p.a. over 3 years paid biannually 
1296 p.a. over 5 years paid monthly 
4.5% p.a. over 2 years paid fortnightly 
10.596 p.a. over 3.5 years paid quarterly 
1596 p.a. over 8 years paid quarterly 
9.6% p.a. over 10 years paid monthly 


о о. о Б 
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ЕЭ Example 21 Finding compounded amounts using months 


Tony's investment of $4000 is compounded at 8.4% p.a. over 5 years. Determine the amount he will 
have after 5 years if the interest is paid monthly. 


Solution Explanation 

P = 4000 List the values of the terms you know. 

nes Convert the time in years to the number of periods (in this 
=@ question, months); i.e. 60 months = 5 years. 

г= 8.4 + 12 Convert the rate per year їо the rate рег period (i.e. months) 
=07 by dividing by 12. 

п 

= 22 Ї 

А-Р(1- 17 Write the formula. 
= 4000(1 + 0.007) Substitute the values. 
= 4000(1.007)°° Simplify and evaluate. 
= $6078.95 

Now you try 


Sally's investment of $6000 is compounded at 4.8% p.a. over 4 years. Determine the amount she will 
have after 4 years if the interest is paid monthly. 


m 7 An investment of $8000 is compounded at 12% p.a. over 3 years. Determine the amount the investor 
will have after 3 years if the interest is compounded monthly. 


m 8 Calculate the value of the following investments if interest is compounded monthly. 


$2000 at 696 p.a. for 2 years 


b $34000 at 24% p.a. for4 years Hint: Convert years to months and the ^, (Л, 
annual rate to the monthly rate. 
с $350 at 18% p.a. for 8 years 
d $670 at 6.6% p.a. for 2} уеаг< 
e $250 at 7.2% p.a. for 12 years 
Problem-solving and reasoning 9, 10 


the value of the investment after: 


Е 9 Shafig invests $5000 compounded monthly at 18% p.a. Determine C 
Hint: 1896 p.a. = 1.596 each month = 


a 
b 
с 
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1 month 
3 months 
5 months 


В ° 


В 


2G Compound interest 


105 


a Calculate the amount of compound interest paid on $8000 at the end Et 
Hint: Use: 1 year = 12 months 


of 3 years for each rate below. 

i 12% compounded annually ] year - 52 weeks 
ii 12% compounded biannually (twice a year) 1 year = 365 days 
iii 1296 compounded monthly 

iv 1296 compounded weekly 

v 1296 compounded daily 


b Whatis the difference in the interest paid between annual and daily compounding in this case? 


The following are expressions relating to compound interest calculations. Determine 
the principal (P), number of periods (n), rate of interest per period (r), annual rate of interest 
(R) and the overall time (t). S 
a 300(1 07)!2 biannually Hint: For 12 time periods with 
` р 4 interest paid twice a year, this 
1000(1.00036)92, fortnightly 
3500(1.000053)??, daily 
10000 (1.078)!9, annually 


b 
c 
d 
e 


Ellen needs to decide whether to invest her $13 500 for 6 years at 4.2% p.a. compounded monthly or 
5.396 compounded biannually. Decide which investment would be the best for Ellen. 


Ж Double your money 


E 13 You have $100 000 to invest and wish to double that amount. Use trial and error in the following. 
a 


Determine, to the nearest whole number of years, the length of time it will take to do this using 
the compound interest formula at rates of: 

i 1296 p.a. ii 6% p.a. iii 8% p.a. 

iv 16% p.a. v 10% p.a. vi 20% p.a. 


b If the amount of investment is $200 000 and you wish to double it, determine the time it will take 


using the same interest rates as above. 


с Аге the lengths of time to double your investment the same in part a and part b? 
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2H Investments and loans Ж 


e To understand that a loan can be repaid in instalments that include interest 
e To be able to calculate the total payment for a purchase or loan involving repayments 
e То be able to calculate bank interest using the minimum monthly balance 


Key vocabulary: investment, loan, repayment, interest, deposit, debit 


When you borrow money, interest is charged, and when you invest 
money, interest is earned. When you invest money, the institution 
in which you invest (e.g. bank or credit union) pays you interest. 
However, when you borrow money, the institution from which you 
borrow charges you interest, so that you must pay back the money 
you initially borrowed, plus the interest. 


o Lesson starter: Credit card statements 
Refer to Allan's credit card statement below. 


a How many days were there between the closing balance and 

the due date? 
b Whatis the minimum payment due? 

If Allan pays only the minimum, on what balance is the interest charged? 
d How much interest is charged if Allan pays $475.23 on 25/5? 


Statement Issue Date: 2/5/20 

Date of purchase Details Amount 
3/4/20 Opening balance 314.79 
5/4/20 Dean's Jeans 59.95 
16/4/20 Tyre Warehouse 138.50 
22/4/20 Payment made—thank you -100.00 
27/4/20 Cottonworth’s Grocery Store 58.64 
30/4/20 Interest charges 3.35 
2/5/20 Closing balance 475.23 
Percentage rate Due date Min. payment 
18.95% 25/5/20 23.75 


8 Interest rates are associated with many loan and savings accounts. 


8 Bank accounts: 
* accrue interest each month on the minimum monthly balance 
* may incur account-keeping fees each month 


8 Investments are amounts put into a bank account or similar with the aim of earning interest 
on the money. 


8 Loans (money borrowed) have interest charged to them on the amount left owing (i.e. 
the balance). 


8 Repayments are amounts paid to the bank, usually each month, to repay a loan plus interest 
within an agreed time period. 
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Exercise 2H 


Understanding 1-3 


1 State if the following are examples of investments, loans or repayments. 
a Kara pays $160 per month to pay off her holiday loan. 
b Sam deposits a $2000 prize in an account with 396 p.a. interest. 
c Georgia borrows $6500 from the bank to finance setting up her small business. 


Em 2 Donna can afford to repay $220 a month. How much does she repay over: 
a lyear? b 18 months? с 5 уеагѕ? 


3 Sarafina buys a new bed on a ‘buy now, рау later’ offer. No interest is charged if she pays for the bed 
in 2 years. Sarafina's bed costs $2490 and she pays it back over a period of 20 months in 20 equal 
instalments. How much is each instalment? 


Example 22 Repaying a loan 


Wendy takes out a personal loan of $7000 to fund her trip to South Africa. Repayments are made 
monthly for 3 years at $275 a month. Find: 


a the total cost of Wendys trip 
b the interest charged on the loan 


Solution Explanation 
a Total cost = $275 x 36 3 years = 3 x 12 = 36 months 
- $9900 Cost = 36 lots of $275 
b Interest = $9900 — $7000 Interest = total paid – amount borrowed 
= $2900 
Now you try 


Jacob takes out a personal loan of $13 000 to buy a car. He makes repayments monthly for 2 years at 
$680 a month. Find: 


a the total cost of the car 
b the interest charged on the loan 


Н 4 Jason has a personal loan of 510000. Не is repaying the loan over 
5 years. The monthly repayment is $310. Е 
a Calculate the total amount Jason repays over the 5 year loan. in 5 years? 
b How much interest is he charged? 


edi 
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Chapter 2 Consumer arithmetic 


ED 5 Robert borrows $5500 to buy a second-hand motorbike. He repays the loan in 36 equal monthly 


instalments of $155. 
а Calculate the total cost of the loan. 
b How much interest does Robert pay? 


m 6 Alma borrows $250 000 to buy a house. The repayments are $1736 a month for 30 years. 


a How many repayments does Alma make? 
b Whatis the total amount Alma pays for the house? 
c How much interest is paid over the 30 years? 


Harry buys a new $2100 computer on the following terms. 


* 20% deposit e monthly repayments of $90 for 2 years 
Find: 
a the deposit paid b the total paid for the computer 
c the interest charged 
Solution Explanation 
a Deposit 2 0.2 x 2100 Find 2096 of 2100. 

= $420 
b Repayments = $90 x 24 2 years = 24 months 

= $2160 Repay 24 lots of $90. 
Total paid = $2160 + $420 Repay = deposit + repayments 
= $2580 

c Interest 2 $2580 — $2100 Interest = total paid — original price 

= $480 
Now you try 


Sophie pays $3180 for a holiday apartment rental on the following terms. 


e 30% deposit e monthly repayments of $195 for 1 year 
Find: 
a the deposit paid b the total paid for the apartment 


c the interest charged 


Н 7 George buys a саг for $12 750 on the following terms: 20% deposit and monthly repayments 


of $295 for 3 years. 

a Calculate the deposit. 

b Find the total of all the repayments. 

c Find the cost of buying the car on these terms. 
d Find the interest George pays on these terms. 
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Example 24 Calculating interest 


An account has a minimum monthly balance of $200 and interest is credited monthly on this amount 
at 1.5%. 
а Determine the amount of interest to be credited at the end of the month. 


b If the bank charges a fixed administration fee of $5 per month and other fees totalling $1.07, 
what will be the net amount credited or debited to the account at the end of the month? 


Solution Explanation 

a Interest = 1.5% of $200 Interest is 1.5% per month. 
= 0.015 x $200 Change 1.5% to а decimal and calculate. 
= 

b Net amount = 3 - (5 + 1.07) Subtract the deductions from the interest. 

= =3.07/ 
$3.07 will be debited from the account. A negative amount is called a debit. 
Now you try 


An account has a minimum monthly balance of $180 and interest is credited monthly on this amount 
at 2.2%. 


a Determine the amount of interest to be credited at the end of the month. 
b If the bank charges a fixed administration fee of $4.50 per month and other fees totalling $1.18, 
what will be the net amount credited or debited to the account at the end of the month? 


Н 8 A bank account has a minimum monthly 
balance of $300 and interest is credited 
monthly at 1.596. 

a Determine the amount of interest to be 
credited each month. 


b If the bank charges a fixed administration 
fee of $3 per month and fees of $0.24, 
what will be the net amount credited to 
the account at the end of the month? 


z 9 An account has no administration fee. The 
monthly balances for May-October are in the 
table below. If the interest payable on the 
minimum monthly balance is 196, how much 
interest will be added: 


a foreach separate month? b over the 6-month period? 


May June July August September| October 
$240 $300 $12 $500 $208 $73 
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Problem-solving and reasoning 10, 12, 13 


Е 10 Supersound offers the following two deals on a sound system worth $7500. 
e Deal A: no deposit, interest free and nothing to pay for Hint: 15% off is 85% of the 
18 months original amount. 
e Deal B: 15% off for cash 


Nick chooses deal A. Find: 

i the deposit he must pay 

ii the interest charged 

iii the total cost if Nick pays the system off within 18 months 


b Phil chooses deal B. What does Phil pay for the same sound 
System? 


c How much does Phil save by paying cash? 


B 11 Camden Finance Company charges 35% flat interest on all loans. 

a Mei borrows $15000 from Camden Finance over 6 years. 
i Calculate the interest on the loan. 
ii What is the total repaid (i.e. loan + interest)? 
iii What is the value of each monthly repayment? 

b Lancelle borrows $24 000 from the same company over 10 years. 
i Calculate the interest on her loan. 
ii What is the total repaid? 
iii What is the value of each monthly instalment? 


Е 12 А of transactions that Emma made over a 1-month period is shown. The bank calculates interest 
daily at 0.01% and adds the total to the account balance at the end of this period. It has an 
administrative fee of $7 per month and other fees over this time total $0.35. 


a Сору and complete the balance column of the table. S 
: : Hint: In part b, interest is calculated на 
Date Deposit Withdrawal Balance on the end-of-the-day balance. | 
1 Мау 53010 
3 Мау $490 
5 May $2300 
17 May $490 
18 May $150 
20 May $50 
25 May $218 
31 May $490 


b Determine the amount of interest added over this month. 
c Determine the final balance after all calculations have been made. 


d Suggest what the regular deposits might be for. 
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13 The table below shows the interest and monthly repayments on loans when the simple interest rate is 


2H Investments and loans 


8.5% р.а. 
18-month term 24-month term 36-month term 
Monthly Monthly Monthly 
Loan Interest | payments | Interest | payments | Interest | payments 
amount ($) ($) (9) (9) (9) ($) 

1000 127.50 62.64 170.00 48.75 255.00 34.86 
1100 140.25 68.90 187.00 53.63 280.50 38.35 
1200 153.00 75.17 204.00 58.50 306.00 41.83 
1300 165.75 81.43 221.00 63.38 331.50 45.32 
1400 178.50 87.69 238.00 68.25 357.00 48.81 
1500 191.25 93.96 255.00 73.13 382.50 52.29 
1600 204.00 100.22 272.00 78.00 408.00 55.78 
1700 216.75 106.49 289.00 82.88 433.50 59.26 
1800 229.50 112.75 306.00 87.75 459.00 62.75 
1900 242.25 119.01 323.00 92.63 484.50 66.24 
2000 255.00 125.28 340.00 97.50 510.00 69.72 
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а Use the table to find the monthly repayments for a loan of: 
i $1500 over 2 years 
ii $2000 over 3 years 
iii $1200 over 18 months 


b Damien and Lisa can afford monthly repayments of $60. What is the most they can 
borrow and on what terms? 


m 14 Part of a credit card statement is shown here. 


Understanding your account 


CLOSING BALANCE 
$403.80 


a 


$10.00 


MINIMUM PAYMENT DUE 


a 


PAYABLE TO MINIMISE 


$403.80 


FURTHER INTEREST CHARGES 


а What is the closing balance? 


CLOSING BALANCE 
This is the amount you owe at the end of 
the statement period 


MINIMUM PAYMENT DUE 
This is the minimum payment that must 
be made towards this account 


PAYABLE TO MINIMISE FURTHER 
INTEREST CHARGES 

This amount you must pay to minimise 
interest charges for the next statement period 


b What is due on the card if only the minimum payment is made on the due date? 


c This card charges 21.9% p.a. interest calculated daily on the unpaid balance. To find the daily 
interest amount, the company multiplies this balance by 0.0006. What does it cost in interest per 
day if only the minimum payment is made? 
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Reducing the balance of loans (a spreadsheet approach) 


15 When you take out a loan from a lending institution you will be asked to make regular payments 
(usually monthly) for a certain period of time to repay the loan completely. The larger the repayment, 
the shorter the term of the loan. 

Loans work mostly on a reducing balance and you can find out how much balance is owing at 
the end of each month from a statement, which is issued on a regular basis. 

Let's look at an example of how the balance is reducing. 

If you borrow 515000 at 1796 p.a. and make repayments of $260 per month, at the end of the first 
month your statement would be calculated as shown. 


15000 x 0.17 
12 
= $212.50 
Repayment = $260 
Amount owing = $15 000 + $212.50 — $260 
= $14 952.50 


This process would be repeated for the next month: 


Interest due = 


14 952.50 x 0.17 
12 


= $211.83 
Кераутепї = $260 
Amount owing = $14952.50 + $211.83 — $260 
= $14904.33 


As you can see, the amount owing 


Interest due = 


is decreasing and so is the interest Balance Interest Repayment Amount owing 
owed each month. Meanwhile, more osi = А 5 XS 
of your repayment is actually reducing ` е i 
the balance of the loan 14904.33 211.14 260 14855.47 
A statement might look like this: 14855.47 | 21045 260 14 805.92 
14 805.92 209.75 260 14 755.67 


Check to see that all the calculations are correct on the statement above. 
As this process is repetitive, the calculations are best done by means of a spreadsheet. To create a 
spreadsheet for the process, copy the following, extending your sheet to cover 5 years. 


Book Lats 


2 
E 


Hox ex | Ёс | siem Ї D Ї =e | 
1 Reducing Balance 

2 

3 Loan Repayment Interest rate 

4 15000 260 =17/12/100 

5 

6 Month Balance Interest Repayment Amount owing 

70 «А4 =А4 

8 =А7+1 =E7 -E$4*B8 «54 =B8+C8-D8 

9 =A8+1 "ЕВ -E$4*B9 «54 =B9+C9-D9 

10 =A9+1 -E9 -E$4*B10 =C$4 »B104CT0-D10 

11 «А1041 =E10 =E$4°B11 =C$4 «В114С11-011 

12 =А11+1 =Е11 =Е$4*В12 =С$4 «8124С12-012 

13 «А1241 =Е12 -E$4*B13 =С$4 =813+С13-013 

14 

15 

16 

17 

18 

19 

20 

21 

22 | 
ши: XL eise eda Гог E y 
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21 Comparing interest using technology 113 


2| Comparing interest using technology Ж 


e To understand how technology can be used to efficiently compare interest calculations 
e To be able to use technology to calculate interest and final amounts and compare interest plans 


Key vocabulary: simple interest, compound interest 


Both compound interest and simple interest calculations 
involve formulas. Technology including scientific and CAS 
calculators, spreadsheets or even computer programs 
can be used to make simple and compound interest 
calculations. 

These allow for quick, repeated calculations where 
values can be adjusted and the interest from different 
accounts compared. 


o Lesson starter: Who earns the most? 


e Ceanna invests $500 at 8% p.a. compounded monthly over 3 years. 
* Huxley invests $500 at 1096 p.a. compounded annually over 3 years. 
e Loreli invests $500 at 15% p.a. simple interest over 3 years. 

- How much does each person have at the end of the 3 years? 

- Who earned the most? 


You can calculate the total amount of your investment for either form of interest using technology. 
8 Using formulas in calculators 


ЧЭ) Еа 
e Simple interest J = 100 
211208 
e Compound interest 4 = P|1 + xs 
8 Simple code 
To create programs for the two types of interest, PROGRAM: SIMPLE 
enter the data shown at right. : Input РЕ. 


This will allow you to calculate both types of interest 
for a given time period. If you invest $100 000 at 
896 p.a. i monthly for 2 years, you will be asked 


Or JP, R= T t or n and the calculator will do the : USE SU к АМОЫАТ "LR 


work for you. 
Note: Some modifications may be needed for the 


CAS or other calculators or other technology. PROGRAM: COMPOUND 
:Inrut Р.Ё. 
BPC i+ >” H+A 
: Qut. eut" AMOUNT": A 


:PRTAI 
:OüutrFut" INTEREST" 


-РЭ1 
uUtLeut" IHTEREST" 
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8 Spreadsheet 
Сору and complete the spreadsheet as shown below to compile a simple interest and 
compound interest sheet. 
Fill in the principal in B3 and the rate per period in D3. For example, for $4000 invested 


at 5.4% monthly, ВЗ will be 4000 and D3 will be 9:054 


[2 
өөө эш Book Lats 9 - 
23 А 8 [3 D Е ge 
1 interest calculator 
2 Principal e 
3 4000 »5.4/100/12 
4 
5 Simple interest Compound interest 
6 Time (months) Interest Amount Interest Amount 
7 0 0 -853-87 0 =В$3*(1+0$3)^А7 
8 «А741 =В$3*0$3 =С7+88 =Е8-Е7 =В$3*(1+0$3)^АВ 
9 «А841 -B$3*D$3 =C8+89 -E9-E8 =B$3*(14+D$3)4A9 
10 =A9+1 =8$3*0$3 «094810 =Е10-Е9 =B$3*(1+D$3)4A10 
11 «А1041 =8$3*0$3 =С10+811 =Е11-Е10 =В$3*(1+0$3)^А11 
12 =А11+1 =В$3*0$3 =С11+812 =Е12-Е11 =В$3*(1+0$3)^А12 
13 =А12+1 =8$3*0$3 =С12+813 -E13-E12 *B$3*(1«D$3)^A13 
14 
15 
16 
17 ! 
сэн шиг I | e- = sw 
Exercise 2l 
Understanding 1-3 


1 Write down the values of P, r and n for an investment of $750 at 7.596 p.a., compounded annually 
for 5 years. 


2 Write down the values of P, r and t for an investment of $300 at 396 p.a. simple interest over 
300 months. 


3 Which is better on an investment of $100 for 2 years: Hint: Recall: For simple interest 7 — E 5 
A simple interest calculated at 20% p.a.? 27777 2 “| 
B compound interest calculated at 20% р.а. and 


paid annually? 


Example 25 Using technology 


Find the total amount of the following investments, using technology. 


a $5000 at 5% p.a. compounded annually for 3 years 
b $5000 at 5% p.a. simple interest for 3 years 


Solution Explanation 


a $5788.13 Use AZP 


n 
jla: ssl or a spreadsheet (see Key ideas). 


b $5750 Use [= ин with your chosen technology. 


Now you try 
Find the total amount of the following investments, using technology. 


a $6000 at 4% p.a. compounded annually for 5 years 
b $6000 at 4% p.a. simple interest for 5 years 
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4 a Find the total amount of the following investments, using technology. 
i $6000 at 6% p.a. compounded annually for 3 years 
ii $6000 at 3% p.a. compounded annually for 5 years 
iii $6000 at 3.4% p.a. compounded annually for 4 years 
iv $6000 at 1096 p.a. compounded annually for 2 years 
v $6000 at 5.796 p.a. compounded annually for 5 years 


b Which of the above yields the most interest? 


m 5 a Find the total amount of the following investments, using 
technology where possible. 
i $6000 at 6% p.a. simple interest for 3 years 
ii $6000 at 3% p.a. simple interest for 6 years 
iii $6000 at 3.4% p.a. simple interest for 7 years 
iv $6000 at 1096 p.a. simple interest for 2 years 
v $6000 at 5.796 p.a. simple interest for 5 years 


b Which of the above yields the most interest? 


Problem-solving and reasoning 6,7 
E 6 a Determine the total simple and compound interest accumulated on the following. 
i $4000 at 6% p.a. payable annually for: ej 
| 1 year П 2years Ш Syears IV 10 years Hint: 6% p.a. paid biannually is 


3% per 6 months. 
6% p.a. paid monthly is 


GE 
155 0.596 per month. 


ii $4000 at 696 p.a. payable biannually for: 
| 1year l| 2years Ш Syears IV 10 years 
iii $4000 at 6% p.a. payable monthly for: 
| 1 year П 2years Ш Syears IV 10 years 
b Would you prefer the same rate of compound interest or simple interest if you were 
investing money and paying off the loan in instalments? 
с Would you prefer the same rate of compound interest or simple interest if you were 
borrowing money? 


Em 7 a Copyand complete the following table if simple interest is applied. 


Principal Rate Overall time Interest Amount HIEMIS 
$7000 5 years $8750 '" 100 
$7000 5 years $10 500 а 

10% 3 years $990 
10% 3 years $2400 
$9000 8% 2 years 

$18 000 8% 2 years 


b Explain the effect on the interest when we double the: 
i rate ii period iii overall time 


E 8 Copy and complete the following table if compound interest is applied. You may need to use a 
calculator and trial and error to find some of the missing values. 


Principal Rate Period Overall time Interest Amount 
$7000 Annually 5 years $8750 
$7000 Annually 5 years $10 500 
$9000 896 Fortnightly 2 years 
$18 000 896 Fortnightly 2 years 
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116 Chapter 2 Consumer arithmetic 


Ж Changing the parameters | = | 


m 9 If you invest $5000, determine the interest rate per annum (to two decimal places) if the total amount 
is approximately $7500 after 5 years and if interest is: 
a compounded annually 
b compounded quarterly 
c compounded weekly 
Comment on the effect of changing the period for each payment on the rate needed to achieve 
the same total amount in a given time. 


"Tw 


m 10 a Determine, to one decimal place, the equivalent simple interest rate for the following investments 
over 3 years. 
i 58000 at 4% compounded annually 
ii $8000 at 8% compounded annually 


b If you double or triple the compound interest rate, how is the simple interest rate affected? 
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Maths@Work: Finance manager 117 


Maths@Work: Finance manager 


A bookkeeper and an accounts manager are 
both occupations that deal with numbers and 
budgets. They require employees to have good 
communication and mathematical skills. 
Employees also need a commitment to detail 
and to be honest, as they deal with other 
people’s money. 


Excellent number skills are essential in these 
fields. Bookkeepers need to work with 
spreadsheets, percentages, tax systems and 
business plans. 


Complete these questions that a finance manager may face in their day-to-day job. 


1 Consider the information supplied in a section of a business budget for a 3-month period. Round all 
answers to two decimal places. 


a Calculate the total income for the Income July | August | September 
month of July. Fixed fee (with |952 813 |$52 813 $52 813 
А 25% reduction) 
b Calculate the total income for the 
Variable fee $53 906 |553 906 $53 906 
month of August. (with 25% 
c Calculate the total income for the reduction) 
month of September. Associate $1563 | $1563 $1563 
d Which month had the highest ieee 
income and by how much? reduction) 
e What contributed to this increase Shared costs $0 $0 $0 
in income? billed EAL 
f What percentage of the total income | СВА interest $25 $25 $25 
for the 3 months shown came from [|1181 
a fixed fee? Operating costs} $167 $167 $167 ин em шүүж Wy. 
Term deposit $0 | $2500 $0 ED АТ. 
g What was the monthly fixed fee Wiscellanealis $0 $0 $0 
before the 25% reduction occurred? | income 
Total a b с 
Income 
2 The office expenses for the same Office expenses July August | September 
company for the same 3-month Rent $7200 $7200 $7200 
period are given below. Property outgoings (costs) $220 $220 $220 
a Calculate the percentage of Cleaning $250 $250 $250 
the total office expenses for Е 850 850 850 


July spent in rent. 


b What is the cost of electricity I ОЕ ын ын I 
shown in the table, and in ec ШШ 
what month is it shown? Total office expenses $7820 $9020 $7820 


с Why does the electricity not appear in the other two months? 
d What is the projected cost of electricity for the year? 
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Chapter 2 Consumer arithmetic 


3 The employment expenses for the three months of October, November and December are shown. 


Employment expenses October November December 
Superannuation $4800 $4800 $4800 
Employees’ salaries $50 424 $50 424 $50 424 
Payroll tax $1200 $1200 $4500 
Consultant $0 $0 $0 
Workers compensation $0 $0 $0 
Performance review $0 $0 $75 000 
Training $335 $335 $335 
Parking $400 $400 $400 
Total employment expenses $57 159 $57 159 a 


a Calculate the total employment expenses for the month of 
December. 

b What is the whole number percentage increase of November's 
total employment expenses from November to December? 
What was the cause of this increase? 

с The company has 11 full-time employees. What is an employee's 
average: 

i salary per month? 
ії annual salary? 


d The company has total expenses for the month of November of $92 117. What percentage of the 
total expenses for November comes from the employment expenses? 


Using technology 


4 Atrucking business has invested in a new prime mover for hauling cattle by road train. It has a bank 
э“ 


loan of $230 000 at 9% per annum charged monthly. The business requires ап Excel spreadsheet to 

show the progress of the debt repayment. 

a Develop the following table in an Excel spreadsheet by entering formulas into the yellow shaded 
cells to calculate their values. Use the notes below to help you. © 


p Hint: After entering your Г” 
£ 9 E E 6 formulas, check specific 
1 Debt repayment table 


results with a calculator. 


Payment| Starting | Scheduled | Interest | Principal | Ending 
2 date balance payment due paid balance 
з 1-Јап | $230,000.00 | $5,780.00 | 
4 1-Feb $5,780.00 _ 
5 1-Mar _ $5,780.00 


Notes: 
The interest due per month i l5 15 L of 996 of the starting balance for that month. 


The principal (i.e. debt) paid E be the scheduled payment minus the interest due. 

The ending balances will equal the starting balance minus the principal paid. 

The next month's starting balance equals the previous month's ending balance. 

Extend the table for 12 payments and answer the following questions. 

i What is the amount of debt remaining on July 1? 

ii What is the interest paid in October? 

iii Use an Excel formula to find the difference between the principal paid in December and the 
principal paid in January. 

iv Enter ‘sum’ formulas to determine the total interest paid in the year and the total principal paid off 
in the year. 
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Investing in art 


Matilda is a keen art investor and has the opportunity 


to purchase a new work from an auction house. The =: 
auctioneer is saying that the estimated value of the = 
painting is $10 000. Matilda’s main investment goal is “аз 
for each of her investments to at least double in value E 
every 10 years. = 
Present a report Тог the following tasks and ensure that 
you show clear mathematical workings, explanations 
and diagrams where appropriate. 
Preliminary task 
a If Matilda purchases the painting for $10 000 and assumes a growth rate of 5% p.a., calculate 
the value of the investment after: 
i 1year il 2 years ili 3 years. 
b The rule connecting the value of the $10 000 investment ($A) growing at 5% p.a. after t years 
f 
is gi Ё 23 
is given by A = 10000 ( + 5) 
i Check your answers to part a by substituting t = 1, t = 2 and t = 3 into the given rule 
and evaluating the value of A using your calculator, or a spreadsheet. 
ii Construct a similar rule for an investment value of $12 000 and a growth rate of 396. 
iii Construct a similar rule for an investment value of $8000 and a growth rate of 8%. 
t 
c Using A= 10000 ( 8) find the value of a 510000 investment at 5% р.а. after 10 years. 
i.e. Calculate the value of A if t = 10. 
Modelling task 
The problem is to determine an investment growth rate that delivers at least a doubling of US 
Matilda's initial investment amount after 10 years. 
a Write down all the relevant information that will help solve this problem. What formula needs to 
be applied in this task? 
t 
b Explain what the numbers 10000 and 5 mean in the rule A = 10000 ( +120) in relation to 
Matilda's investment. 
t Solve 
с Use the rule A = 10000 ( B 108 to determine the value of Matilda's $10 000 investment after 
10 years for the following growth rates (r%). 
| fed i 2-7 tl r= TC 
d Choose your own values of r using one decimal place accuracy and determine the growth rate 
for which the investment doubles in value after 10 years. 
Eval 
e By considering values of г either side of your chosen value found in part d demonstrate that your pen 
answer is correct to one decimal place. ушу 
f Refine your answer so that it is correct to two decimal places. 
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Communicate 3 2 Я d Е 5 5 z : 
g Summarise your findings and describe any key findings. You might like to show your results in 
a spreadsheet similar to the one below. 
Cost of art (P) Interest rate (r) (1 + r/100)^t Р(1 + r/100)^t 
10000 3 10 1.03 1.343916379 13439.16379 
10000) 4 10 1.04 1.480244285 14802.44285 
10000 5 10 1.05, 1.628894627 16288.94627 
Extension question 
а Decide if changing the initial investment value changes the total percentage increase in value after 
the same number of years. Justify your answer. 
b If Matilda only paid $8000 for the art work but still wanted it to be valued at $20 000 after 
10 years, determine the growth rate that she will need the work to have? Round to two decimal 
places. 
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Puzzles and games 121 


1 Find and define the 10 terms related to consumer arithmetic and percentages hidden in this 
wordfind. 


© 


Hl eal ==|| 5=| cal = 


92)| «| =| cal] =| =] l чы em 
кы] (сы! о| с=з (ор) сь ie] = 
cJ 2 | ө es el | tal = 
2| гт A| o| >| 2| оо 
=D оо =| 53Ф га о c 
о = |) =ч єт 
= = | | ла ег || ЕЕ Teall] ег} Е 
| = | о ам = г 2 
Ir || ил | == Ба к |||) 
<|ро| = | о г-| | о с| эз) 
о | о| о < гк = 


“п| л» гп = | луг! ер) 


© 


2 How do you stop а bull charging you? Answer the following problems and match the letters to 
the answers below to find out. 


$19.47 — $8.53 5% of $89 | 50% of $89 


E T 1 


it If 596 — $8.90 then $4.48 to the nearest 5 cents 


A 5 R 


6% of $89 Increase $89 by 5% 10% of $76 
W H O 


$15 monthly for 2 years 12 19 asa decimal $50 — $49.73 
D K U 


ѕәшеб pue ѕәј22па 


Песгеаве $89 Бу 5% $15.96 + $12.42 
(e Y 


$28.38 $7.60 27с 


$4.45 $12.50 0.125 $10.9 


$12.50 $5.34 $12.50 $28.38 


$84.55 $4.50 $10.94 $360 $44.50 $4.45 


$84.55 $12.50 $4.50 $360 


$93.45 $44.50 $178 


How many years does it take $1000 to double if it is invested at 10% p.a. compounded annually? 


The chance of Jayden winning a game of cards is said to be 5%. How many consecutive games 
should Jayden play to be 95% certain he has won at least one of the games played? 


Chapter summary 


Conversions Percentage work 


x 100 15% of 459 


= 15 
Fraction Percentage = 100 or 0.15 х 459 


Increase 20 by 8% 
= 20 x 108% 
х 100 — 20 x 1.08 


+100 


Decrease 20 by 8% 
= 20 x 92% 
+100 = 20 x 0.92 


Decimal Percentage 


Percentages 


‘Out of 100’ 


70m, ПӘ, 
79 per cent = 79% = 300 


Simple (flat rate) interest 
(ат 
100 
/= simple interest 
P= principal ($ invested) 
r=rate per year, as a percentage 
t= number of years 


Consumer 
arithmetic 


Compound interest 
АЕ p(t + = 
A= final balance 
P= principal ($ invested) Budgets 
r= rate per time period, as a Deciding how income is 
percentage spent on fixed and 


n= number of time periods variable expenses. 
money is invested for 


Spreadsheets can be used to 
manage money or compare 
loans. 


„ _ selling _ cost 
Profit = price price 


profit 


% Profit = RENE 


x 100 


* discount 
% Discount = СЕЛЕР х 100 


їпсоте 


Hourly rate = $/h 
Time and a half = 13 x hrly rate 


Double time = 2 x hrly rate 
Commission is % of total sales 


Gross income = total of all 
money earned 

Net income = gross income — 
deductions 


Income taxation 3x 
Money given from wages 
(income tax) to the government 
(Refer to the income tax table on 
page 82.) 


Loans 5 


Balance owing = amount left 
to repay 


Repayment = money given each 
month to repay the 
loan amount and the 
interest 


Chapter checklist 


Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


1 I can convert to a percentage. 
e.g. Write each of the following as a percentage. 


T 
а 20 b 0.24 


2 I can write percentages as simplified fractions and decimals. 
e.g. Write each of the following percentages as both a simplified fraction and a decimal. 


a 53% b 4% с 10.5% 


3 I can find the percentage of a quantity. 
e.g. Find 64% of $1400. 


4 1сап increase and decrease by a given percentage. 
e.g. For the amount of $800: 


a increase $800 by 6% b decrease $800 by 1596 


e.g. Jimmy buys a second-hand desk for $145 and restores it to a good condition. If he sells if for $210, 
calculate his profit and the percentage profit, correct to one decimal place. 


6 1сап find the selling price. 
e.g. Jo buys t-shirts for $24 each and wishes to make a 2896 profit on the purchase. What should be her 
selling price and what will be the profit on the sale of 20 t-shirts? 


7 1сап calculate a discount. 
e.g. A $849 television is discounted by 1896. What is the selling price of the television? 


8 1сап find gross and net income involving overtime. 
e.g. Anika earns $21.40 per hour and has normal working hours of 38 hours per week. She earns time 
and a half for the next 4 hours worked and double time after that. She pays $190 per week in tax and 
other deductions. 
Calculate her gross and net income for a week in which she works 45 hours. 


9 I can calculate income involving commission. 
e.g. Tia earns $300 per week plus a commission of 6% on her sales of solar panels. If she sells $8200 


5 I can calculate percentage profit. 
worth of solar panels in a week, what is her gross income for the week? 


20 | 10 I can calculate income tax payable. 

e.g. Noah earns $78 406 per year, including interest on investments. He has receipts for donations and 

work related expenses of $445. 

a Calculate Noah's taxable income. 

b Use the tax table in the Key ideas on page 82 to calculate Noah's tax payable amount, to the nearest 
cent. 

c If Noah also has to pay $1559 for the Medicare levy, calculate his tax refund if his employer sent 
$19 200 to the ATO. 


a 11 1сап budget using percentages. 
e.g. Ash has a net annual income of $54 800 after deductions. She allocates her budget on a percentage 
basis. 


[esr [шуш | бана [кої [Ое | зав | 


реге бй 


a Determine the amount of fixed expenses (rent and the loan). 
b Determine how much she budgets to save each month. 
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124 Chapter 2 Consumer arithmetic 


м Ө |" 


| can budget from fixed values. 
e.g. Running a certain type of motorbike involves the following costs: 


registration $520 per year 


insurance $120 per quarter 
servicing $310 per year 
petrol $64 per month 


Determine the overall cost to run the bike for a year and what percentage of an $80 000 salary this 
would be, correct to one decimal place. 


в |" 


| can calculate а best buy. 

e.g. Packets of chips can be bought in the following ways at the store: 
e 20 packs (20 grams each) for $5.50 

e б packs (20 grams each) for $3.35 

e 2 share bags (60 grams each) for $4 

Determine the cheapest way to buy the chips. 


14 


| can use the simple interest formula to find interest. 
e.g. Use the simple interest formula to calculate the interest when $800 is invested at 5% p.a. for 
3 years. 


15 


| can calculate repayments using simple interest. 

e.g. If a simple interest loan of $4000 is borrowed for 2 years at a simple interest rate of 4% p.a., 
what is the total amount owed over the 2 years and if repayments are made monthly, how much 
would each payment need to be? 


| can use the simple interest formula to find the rate of interest. 
e.g. Use the simple interest formula to calculate the rate of interest when $2800 earns $294 
interest in 3 years. 


17 


| can use the compound interest formula. 
e.g. Determine the amount after 6 years when $8000 is compounded annually at 3%. 


18 


| can use compound interest with different time periods. 
e.g. An investment of $5500 is compounded at 6% p.a. over 4 years. Determine the amount he will 
have after 4 years if interest is paid monthly. 


19 


` 


| can work with repayments to calculate a purchase cost. 

e.g. Vanessa pays for a $8600 travel package with a travel agent with a 30% deposit and monthly 
repayments of $300 for 2 years. 

Calculate: a the deposit paid, b the total amount paid for the travel package and hence the interest 
paid. 


| can calculate interest earned on an account. 

e.g. An account has a minimum monthly balance of $140 and interest is credited monthly on this 
amount at 1.8%. Determine the amount of interest to be credited at the end of the month and the 
total amount credited or debited if the bank charges $5 per month in account keeping fees. 


| can use technology to calculate interest and final amounts. 
e.g. Use technology to find the total amount on the following investments. 

a $7000 at 4% p.a. compounded annually for 5 years 

b $7000 at 4% p.a. simple interest for 5 years 
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Short-answer questions 
2A 1 Find 16% of $9000. 


14еёчэ 


в 2 a Increase $968 by 12%. 
b Decrease $4900 by 7%. 


28 3 The cost price of an item is $7.60. If this is increased by 50%, determine: 
a the retail price 
b the profit made 


Ф 
2 
= 
Ф 
= 
Ф 
= 


28 4 An airfare of $7000 is discounted 40% if you Ту off-peak. What would be the discounted price? 


28 5 A sofa is discounted to $375. If this is a 35% discount, find the recommended retail price. 


20 6 Josephine budgets 20% of her income for entertainment. If her yearly income is $37 000, how much 
could be spent on entertainment in: 
a ayear? 
b amonth? 
с a week (taking 52 weeks in a year)? 


20 7 Mariah works a 34-hour week at $25.43 per hour. Her net income is 62% of her wage. 
a Work out her weekly net income. 
ES b If 15% is spent on clothing, determine the amount she can spend each week. 
c If she saves $100, what percentage (to two decimal places) of her gross weekly income is this? 


2E 8 Frank has the following expenses to run his car: 


* hire purchase payment $350 per month 
E e registration $885 per year 

e insurance $315 per quarter 

* Servicing $1700 per year 

e petrol $90 per week 

a Find the total cost of running his vehicle for 1 year. 


c 


What percentage (to the nearest percentage) of the 
overall cost to run the car is the cost of the petrol? 


2E 9 Ronan works 36 hours in a week at $39.20 per hour. He pays $310 in tax and $20.50 in superannuation 
in the week. Determine: 
| а his gross wage in a week 
b his net pay in a week 
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2D 10 Lil receives an annual taxable income of $90 000. 
m dr a Using the tax table shown, calculate the amount of tax she pays over the year. 


Taxable income Tax on this income 

0 — $18 200 Nil 

$18 201 — $37 000 19c for each $1 over $18 200 

$37001 — $80 000 $3572 plus 32.5c for each $1 over $37 000 
$80001 — $180000 $17 547 plus 37c for each $1 over $80 000 
$180 001 and over $54 547 plus 45c for each $1 over $180 000 


b If Lil pays the 2% Medicare levy on her taxable income, find this amount. 


20 11 Zane receives 4.5% commission on sales of $790. Determine the amount of his commission. 


2Е 12 Find the interest paid on a $5000 loan under the following conditions. 
E a 8% p.a. simple interest over 4 years 
b 796 p.a. simple interest over 3 years and 4 months 


5 
.Ф 
2 
Ф 
мы 
мы 
Ф 
dud 
О. 
(0 
„С 
Q 


26 13 Find the interest paid on a $5000 loan under the following conditions. 
m a 496 p.a. compounded annually over 3 years 

b 9.7596 p.a. compounded annually over 2 years 

с 6% p.a. compounded monthly over 2 years 


2H 14 A vehicle worth $7000 is purchased on a finance package. The purchaser pays 15% deposit 
В Xr and $250 per month over 4 years. 
a How much deposit is paid? 
b What are the total repayments? 
c How much interest is paid over the term of the loan? 


Multiple-choice questions 


24 1 28% of $89 is closest to: 


E] A $28.00 B $64.08 C $113.92 D $2492 E $24.92 
2A 2 Asa percentage 21 is. 

'60 7 
Н А 21% В 3.5% С 60% р 35% Е 12.6% 


2E 3 Ifa budget allows 30% for car expenses, how much is allocated from a weekly wage 


of $560? 
A $201 B $145 C $100 D $168 E $109 
20 4 The gross income for 30 hours at $5.26 per hour is: 
EF A $35.26 B $389.24 C $157.80 D $249.20 E $24.92 
20 5 If Simon receives $2874 on the sale of a property worth $195 800, his rate of commission, 
m to one decimal place, is: 
A 2196 B 1.5% C 60% D 1596 E 12.6% 
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20 6 Ina given rostered fortnight, Bilal works the following number of 8-hour shifts: 
e three day shifts ($10.60 per hour) 

e three afternoon shifts ($12.34 per hour) 
* five night shifts ($16.78 per hour). 
His total income for the fortnight is: 


A $152.72 B $1457.34 C $1000 D $168.84 E $1221.76 


14еёчэ 


28 7 Acomputer tablet is discounted by 26%. What is the price if it was originally $329? 
А $85.54 B $243.46 C $156.05 D $77.78 E $206.90 


2H 8 А $5000 loan is repaid by monthly instalments of $200 for 5 years. The amount of interest 


Ф 
- 
= 
Ф 
= 
Ф 
= 


Ж charged is: 
А $300 B $7000 C $12 000 D $2400 E $6000 


2F 9 The simple interest earned on $600 invested at 5% p.a. for 4 years is: 
A $570 B $630 0 $120 D $720 E $30 


26 10 The compound interest earned on $4600 invested at 12% p.a. for 2 years is: 
z A $1104 B $5704 0 54600 D $5770.24 E $1170.24 


Extended-response questions 


Н 1 55000 is invested at 4% р.а. compounding annually for 3 years. 
a What is the value of the investment after the 3 years? 
How much interest is earned in the 3 years? 


b 
c Usingr= ын what simple interest rate results in the same amount? 
d 


How much interest is earned on the investment if it is compounded monthly at 4% p.a. for the 
3 years? 


В 2 Your bank account has an opening July monthly balance of $217.63. You have the following 
transactions over the month. 


Date Withdrawals Date Deposits 
7 July $64.00 July 9th $140 

11 July $117.34 July 20th $20 
20 July $12.93 July 30th $140 


а Design a statement of your records if $0.51 is taken out as a fee on 15 July. 

b Find the minimum balance. 

c If interest is credited monthly on the minimum balance at 0.05%, determine the interest for July, 
rounded to the nearest cent. 
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Essential mathematics: улту/5КШЭ gigebra a 


index laws are important 


Applying algebraic formulas and procedures are essential skills across the trades and 
professions, and are especially important for correctly entering and managing formulas in Excel 
spreadsheets. 


» Algebraic formulas are widely used, including by welders (metal shrinkage: S = 2 + 0.05а); 


! АР А r PD? 
nurses (child's dose C = 7 р. auto mechanics (piston force: F = Y vets (a horse's 
T 


n 
weight in kg: W = нь ); and financial analysts (investment value: A = *( T x) ). 
11 880 100 

e Technicians in many fields use scientific notation: boiler technicians (hospital sterilisation steam 
heat energy, kJ/day); lab technicians (red blood cells/L); and air-conditioner technicians (heat 
transfer through walls in kJ/s). 

e Computer programmers first write an algebraic solution to the problem they want a computer 
to solve; these steps are then coded to form an algorithm. The internet and apps are powered 
by algebra in the form of algorithms. 

e Electricians and electronics engineers require algebra in fields including designing and building 
microcircuits in robots, autopilots and medical equipment. 
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In this chapter 


3A Algebraic expressions 
(Consolidating) 
3B Simplifying algebraic 
1 expressions 
"ЗС Expanding algebraic 
expressions 
\ 3D Factorising algebraic 
ё expressions 
3E Multiplying and dividing 
algebraic fractions 
3F Adding and subtracting 
algebraic fractions 
. 3G Index notation and index 
laws 1 and 2 
ЮУ 3H Index laws 3-5 and the zero 
е power 
31 Negative indices 
3J Scientific notation 
3K Exponential growth and 
decay 


» Australian Curriculum 


NUMBER AND ALGEBRA 
Patterns and algebra 


Factorise algebraic expressions by 
taking out a common algebraic factor 
(ACMNA230) 


Simplify algebraic products 
and quotients using index laws 
(ACMNA231) 


Apply the four operations to simple 
algebraic fractions with numerical 
denominators (ACMNA232) 


© Australian Curriculum, Assessment 
and Reporting Authority (ACARA) 


Online resources 


A host of additional online 
resources are included as part 

of your Interactive Textbook, 
— including HOTmaths content, video 


AT ee «= demonstrations of all worked 
їж TS examples, auto-marked quizzes and 
much more. 
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Write algebraic expressions for the following. 
a 3 lots of x b one more than a 
c Sless than 2m d 4times the sum of x and y 


Find the value of the following when x = 4 and y = 7. 
a 5x b 2y+3 
ёс 4 2(х+у) 


-ир quiz 


Decide whether the following pairs of terms are like terms. 
a 6x and 8 b 3aand 7a 
с 4xy and 2yx d 3x? and 10x 


Simplify: 

a 3m+5m 8ab — 3ab 
с 4х-3у-2х-5у d 2х4хх 
е 5xqx3xb 6y +2 


Warm 


Expand: 
a 2(x+5) b 39-2 
с 4(2х- 3) 4 х(3х-1) 


Find the HCF (highest common factor) of these pairs of terms. 
ace b 18,30 

с 7a, 14а d 2xy and 8xz 

e 5xand 8x? f 7x?y and 21x? 


Simplify: 


Write each of the following in index form (e.g. 5 x 5x 5 = 53). 
а PSII b mxmxm 
C xx d ЗахЗахЗахЗахЗа 


Evaluate: 
a 7 b 33 2 


10 Write the following ав 3 raised to a single power. 
аз хз? b 37+3° p 


11 Complete the following. 
a 3.8 lOs 2.31 x 1000 = 
с 172-100- d 0.18 +100= 
е 3827+ 6.49 x 


3A Algebraic expressions 


e То know the names of the parts of an algebraic expression 

e To be able to form algebraic expressions from simple word problems 

e To be able to evaluate expressions by substituting given values 

Key vocabulary: expression, pronumeral, variable, term, constant term, coefficient, substitute, evaluate 


Algebra involves the use of pronumerals (also called variables), 1 
which are letters that represent numbers. Numbers and 
pronumerals connected by multiplication or division form terms, 
and expressions are one or more terms connected by addition or 
subtraction. 

If a ticket to an art gallery costs $12, then the cost for y visitors 
is the expression 12 x y = 12y. By substituting values for y we can 
find the costs for different numbers of visitors. For example, if 
there are five visitors, then y = 5 and 12у = 12 x 5 = 60. So total 
cost = $60. 


© Lesson starter: Expressions at the gallery 


Ben, Alea and Victoria are visiting the art gallery. The three of them combined have $c between them. Drinks 
cost $d and Ben has bought x postcards in the gift shop. 
Write expressions for the following. 


* The cost of two drinks 

* The amount of money each person has if the money is shared equally 

* The number of postcards Alea and Victoria bought if Alea bought three more than Ben and Victoria 
bought five less than twice the number Ben bought 


8 A pronumeral (or variable) is a letter used to represent an unknown number. 


8 Algebraic expressions are made up of one or more terms connected by addition or subtraction; 
e.g. 3a+ 7b, т 3y, 3x — 4. 
* Aterm is a group of numbers and pronumerals connected by multiplication and division; 
e.g. 2x, = E 
A constant term is a number with no attached pronumerals; e.g. 7, -3. 
* The coefficient is the number multiplied by the pronumerals in the term; 
e.g. 3 is the coefficient of y in 2x + 3y. 


—4 is the coefficient of x in 5 — 4x. 
1 is the coefficient of x? in 2x 4 x?. 


This expression has 3 terms: 3x, 2y and 4. 


"d 3х- 2у -4 
3 is the -2 is the 4 is the 
coefficient coefficient constant 
of x of y term 
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® Operations in algebraic expressions: 
e The operations for addition and subtraction are written with ‘+’ and '—' 
e Multiplication is written without the sign; e.g. 3 x y = 3y. 


e Division is written as a fraction; e.g. y + 4 =з or n 


8 To find the value of an expression (or to evaluate), substitute a value for each pronumeral. The 
order of operations (BODMAS) is followed. For example, if x 2 2 and y 2 3: 
4xy- y? -4x2x3-3 
=24-9 
= 15 


Exercise 3A 


Understanding 1-3 


1 Fill in the missing word(s) in the sentences, using the words expression, term, constant term 
or coefficient. 
a An algebraic is made up of one or more terms connected by addition 
and subtraction. 
b Aterm without a pronumeral part is a 
c Anumber multiplied by the pronumerals in a term is a 
d Numbers and pronumerals connected by multiplication and division fom a 


2 Express in simplified mathematical form 


a xplus3 b 5ху с a+5 й 2xxxy 
3 Substitute the value 3 for the pronumeral x in the following and evaluate. 
a х-4 b 5x с 8-х d x e 18 


x 


Fluency 


Example 1 Naming parts of an expression 


— 4x + 3y? - 2. Determine: 


Consider the expression 27 


> 
а the number of terms b the constant term 
c the coefficient of: 
Joe ii x 

Solution Explanation 
a 4 There are four terms with different combinations of pronumerals and 

numbers, separated by + or — 
Be = The term with no pronumerals is —2. The negative is included. 
exo The number multiplied by y? in 3y% is 3. 

lcs The number multiplied by x in —4x is —4. The negative sign belongs to the 
term that follows. 
Continued on next page 
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ЗА Algebraic expressions 


Now you try 
Consider the expression 4y — = — 2x? + 1. Determine: 


a the number of terms b the constant term 
с the coefficient of: 


i y ii x 


4 For these algebraic expressions, determine: н ТОКТУ: 


i the number of terms multiplied by the pronumerals in 
ii the constant term each term. The constant term has no 
iii the coefficient of y pronumerals. 


а 4ху-5у-8 
b 2ху- ly -3y42 


c 2х2-4+у 


Write algebraic expressions for the following. 


а three more than х b 4less than 5 times y 
с the sum of c and d is divided by 3 d the product of a and the square of b 
Solution Explanation 
à x43 More than means add (+). 
b 5y-4 Times means multiply (5 x y = 5y) and less than means subtract (—). 
с —- Sum c and d first (4), then divide by 3 (+). 
Division is written as a fraction. 
d ab? ‘Product’ means ‘multiply’. The square of b is P? (i.e. b x b). 
ах b? = ab? 
Now you try 


Write algebraic expressions for the following. 


133 


е8 
сэл, 


а five more than у b 7 less than 3 times x 
c the sum of a and b is divided by 5 d the product of x and the square of y 
5 Write an expression for the following. 
a two more than x b four less than y Hint: Quotient means cc 2 
c thesum of ab and y d three less than 2 lots of x US | 
e the product of x and 5 f twice m 37-3 
g three times the value of r h halfofx 
i three-quarters of m j the quotient of x and y 
k the sum of a and b is divided by 4 | the product of the square of x and y 
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134 Chapter 3 Algebra and indices 


Find the value of these expressions when x = 2, у = 3 and z = –5. 


a ху+3у b ”-5 (n 2e s 
Solution Explanation 
a ху+3у=2х3+3 х3 Substitute for each pronumeral: х = 2 апа у = 3. 
T Recall that xy 2 x x y and 3y 2 3 x y. 
-15 Simplify, following order of operations, by multiplying first. 
-HPE ; X = 
b y за 2 Substitute y = 3 and x = 2. 
222 222 
зо 3°=3x3 and 5=8 +2. 
: Do subtraction last. 
тод эш na dq Substitute for each pronumeral. 
-4-(-15) 3x(=d) = 15 
4115 To subtract a negative number, add its opposite. 
= 19 
Now you try 


Find the value of these expressions when x = 6, y = -2 and z = 4. 


a xz+2x b Со (0 32 = 59р 
6 Find the value of these expressions when а= 4, b = –2 and с = 3. e 
Hint: - 
a ac b 2a—5 c За-с 12-(-2)-12-2 
d 42-2с е ас+Ь f 3b+a 2-(-2)-2-2 
2 а_ р ас 
g ab+c h 7 5 Ї р 
| 2a-b k atbe l ec 


Problem-solving and reasoning 


7 Write an expression for the following. 


a 


оо с & 


The cost of 5 pencils at х cents each 

The cost of y apples at 35 cents each 

One person's share when $500 is divided among л people 
The cost of a pizza ($11) equally shared between m people 
Рагуіпда5 age in x years’ time if he is 11 years old now 
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8 А taxi in Sydney has a pick-up charge (i.e. flagfall) of $3.40 and charges $2 per km. 


a Write an expression for the taxi fare for a trip of d kilometres. e л 
" А ; г. Hint: The taxi fare has initial cost + ab 
b Use your expression in part a to find the cost of a trip that is: бы реги шток. 
i 10km 
ii 22km 


“ЖЕ BEEN Cork Coors 


a 


= = 


9 а Ye thinks of a number, which we will call х. 
Now write an expression for each of the following stages. 
i He doubles the number. 
ii He decreases the result by 3. 
iii He multiplies the result by 3. 


b If x=5, use your answer to part a iii to find the final number. 


10 A square with side length x is changed to a rectangle by ODER 
increasing the length by 1 and decreasing the width by 1. [Sume 
1 1 
X 


Square Rectangle + w 


А = 12 А=1ху 
а Write an expression Тог the new length and width of the 
rectangle. 


b Is there any change in the perimeter of the shape? 
c i Write an expression for the area of the rectangle. 


ii Use trial and error to determine whether the area of the rectangle is more or less than the original 
square. By how much? 
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11 The area of a triangle is given by A = bbh. 


b 
a Ifb=6 and Л = 7, what is the area? 


b If the area is 9, what are the possible whole number values for b if h is also a whole number? 


Yr Area and perimeter = 


12 For the shapes shown, write an expression for: 
i the perimeter 


ii the area 
a b 
x х 
У 
с d 
y 
x ab 
Э 
е f 
5 
a mn 
4 
b 
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3B Simplifying algebraic expressions 


e To be able to identify like terms 

e To know that only like terms can be combined under addition and subtraction 

e То be able to simplify algebraic expressions using the four operations: +, -, x and + 
Key vocabulary: like terms, pronumeral 


Many areas of finance and industry involve complex algebraic 
expressions. Often these expressions can be made simpler by 
applying the rules of addition, subtraction, multiplication and 
division. 

Just as we would write 3+3+3+3 as 4 x 3, we write 
Xt X X4 x а 4 х x or 4x. Similarly, 3x + 2x = 5x and 
3x = 2x = Ix (Ix is written as x). 

We also know that 2 x 323x2and (2x3) x422x3x4- 
3x4x2etc., sSo2x x x422x4x х = 8x. By writing a division 
as a fraction we can also cancel common factors. For example, 


9x «3-2 = 3x. 


o Lesson starter: Equivalent expressions 


Split these expressions into two groups that are equivalent by simplifying them first. 


3x4 6x 17x = 5x х+7х+х 4х+3+ 5х - 3 
2х 6x 53 3x х 3 3х-2у-9х-2у 
- 2 2a mS 

8x 6x — 2x 18x +2 - бх — (-6x) 


8 Like terms have the exact same pronumeral factors, including powers; e.g. 3x and 7x, and 4х2у 
and –3х2у. 
e Sincexxy-yx x, 3xy and 2yx are like terms. 
8 Addition and subtraction apply to like terms only. 
For example, 5x + 7x = 12x 
Tab = 6ab = lab = ab 
3х--2у cannot be simplified 
8 Multiplication and division apply to all terms. 


* |n multiplication, deal with numerals and pronumerals separately: 
2,3€ Gyon e 225509 2X a= loa 


(02254 S» == OM SM ac рр IGH 


8 When dividing, write as a fraction and cancel common factors: 


4 
X 
Ee = 4x 
2 
2 x xlxx 
6x2 + (3x) = 6х 21 т | 20) 
3х A se 27 
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ЕЭ Exercise 3B 


Understanding 1-4 


1 Are the following sets of terms like terms? Answer yes (Y) or по (N). 


a 3х,2х,-5х b 2ах, Зха, —ax 


2 
с 2ax?,2ax, 62a? x d 32 25 32= 


4 3 

2 Simplify the following. 

a 8g+2¢ b 3f+2f с 12е-4е 

d 3h-3h е 5х+х T 14st+3st 
3 Simplify the following. 

a 3x2x b 4x 3a с 2х5т 
4 Simplify these fractions by cancelling. 

4 12 14 
а в E Жа 


59 
Hint: Add ог subtract the numerals in Ф 
like terms. 


Hint: Choose the highest 


N 2-7 
35 common factor to cancel. 


Example 4 Identifying like terms 


Write down the like terms in the following lists. 


а 200 ба Bons, 300, Sog 


b —2ax, 3x?a, За, —5x2a, Зх 


Solution Explanation 
а 6aand 3a Both terms contain a. 
5xa and 2ax Both terms contain ax; x x a 2 a x x. 


b 3x2a and —5x2a 


Now you try 
Write down the like terms in the following lists. 
a 4a, 3b, 5ab, 2a, 2ba 


5 Write down the like terms in the following lists. 


а. Зас,2а,5х,—2ас b 4ра, Зар, 2p?, -Ap?q 

с 7х2у, -3xy?, 2xy?, 4yx? d 27,3rx, -r?, 4r2x 

e —2ab, 5bx, Aba, 7ха f 3p?q, -4pq?, Урд, 44р? 
0 im, 2Pm, Эй, 2Im? h xy, yx?, —xy, yx 
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Both terms contain x?a. 


b -xly, 3x2, 2ху, 4x, 4х2у 


Hint: Like terms have the same е 
ргопитега! factors. 

хху= ух х,80 Зху and 5yx are like 

terms. 
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СОВЕ Үеаг 10 


а 4a+5a+3 р 


Solution 


Example 5 Collecting like terms 


Simplify the following. 


Bue tb Dy +b Sue = Sp с Sxy+2xy? – 2xy + xy? 


Explanation 


a 4a+5a+3=9a+3 


Collect like terms (4a and 5a) and add 
coefficients. 


b 3х-2у-5х-3у-3х-5х42у-3у Collect like terms in x (3 + 5 = 8) and 


= = 
26:21 2xy? = 253845 ху? 
= INY = LNP + 2ху? +h ху? 
=3xy+ 3x? 
Now you try 
Simplify the following. 
d EP b 


y»(2-32-1) Note: —ly is written as —y: 


Collect like terms. In xy, the negative belongs 
to 2xy. In xy?, recall that xy? is 1xy?. 


2a + 4b + За — 2b c Amn-3m?n — mn + 2n?n 


6 Simplify the following by collecting like terms. 


а 4t-3t410 b 5g-g-«l с 3x-5+4x 

d 4m+2-3m e 2x+3y+x f 3х44у-х-42у 

g 8a+4b- 3a- 6b h 2m-3n-5m+n і 3de- 3de? + 2de + Ade? 
І 


| 6kl - 4021 — 6021 — 3kl 


Simplify the following. 
a 24х74 


Solution 


k 3х2у + 2ху? - ху? +4х?у 4; — 5 Е + Afg? — fg 


Example 6 Multiplying algebraic terms 


b -3т х 8mn 


Explanation 


E Mas 225758038 d 
= 14а4 


b —-3mx8mn-2-3x8xmxmxn 
= —24т?п 


Now you try 


Simplify the following. 


Multiply coefficients and collect the pronumerals: 
Da) xd =» 0 <a xd. 
Multiplication can be done in any order. 


Multiply coefficients (—3 х 8 = –24) and 
pronumerals. Recall: m x m can be written as m?. 


a Ax x 5w b -2ах бас 

7 Simplify the following. а 
a 3rx2s b 2hx3u с 4wx4h Hint: Multiply the numerals and collect A 
d 2/2 x 35 e -2e x 45 f 5hx (72v) күш 

= a -ал 
g -3сх(-42) h -7f x(-S5I) | 2хх4ху 
| 3abx8a К xyx3y | -2ax8ab 
m -3m?n x 4n n —5xy? x (-4x) 0 5аЬх4аЬ 
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Simplify the following. 


18x 
DET M 
Solution 
Xx 
Г 5 Эх 
20 _ Dorh 
b 12a*b + (8ab) = gab 
LE xax di xli 
28 x di x By 
_3а 
2 


Now you try 
Simplify the following. 


20x 


2224 


8 Simplify by cancelling common factors. 


6a TX 
dE 0 14 
d 205-8 е 4ab 
2а 
g 4ху + (8x) h 28ab + (35р) 
2 
223 к 30a2b + (10a) 


18y 


Problem-solving and reasoning 


b 12a?b + (8ab) 


Explanation 


Cancel highest common factor of numerals; 
i.e. 6. 


Write division as a fraction. 


Cancel the highest common factor of 12 and 8 
and cancel an a and b. 


b 9st + (15st) 


с 3a+9 
f 15ху E 
5y Hint: Write each division as a fraction 
i 8x2 first where necessary. 
20x 


|. 12mn? + (36mn) 


9 Arectangle’s length is three times its width, x. Write a 


simplified expression for: 
a the rectangle's perimeter 
b the rectangle's area 


Hint: Draw a rectangle and label the 
width x and the length 3 x x = 3x. 


10 Fill in the missing term to make the following true. 


a 8х-4-|1 (-3х-44 


3х-2у- 
3bx|, |= 12ab 
)--24х2у 
) = бу 


f + (15ab) = 24 


+4y = 3x —- 2y 


Axy x ( 
12xy + ( 


b 
с 
d 
e 
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11 Find expressions in simplest form for the perimeter (P) and area (A) of these shapes. 


a 2x b 2 
Hint: Perimeter is the sum of all A, Y 
3 the sides. | 
8х Area = / 2 Ш 
C 5a u 


12 A rectangular garden bed has length given by бх and area 18x?. 
What is the width of the garden bed? 


Hint: The opposite of x is ~. 
А = 18x? 


бх 


Order of operations 


13 Simplify the following expressions, using order of operations. 


а4х3х-2 b 2+4ax2+5a+a 

с 5ax2b+a-6b d 8x? + (4х) +3 х 3х 

e 2хх (4х+ 5x) + 6 f 5xy – 4х2у + (2х) + 3x x 4y 

g (5х— x) x (16ху + (8y)) h 9x?y + (By) - 4x x (-8x) 
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3C Expanding algebraic expressions 


e To understand the distributive law for expanding brackets 
e То be able to expand expressions involving brackets 
Key vocabulary: distributive law, expand 


When an expression is multiplied by a term, each term in the expression must be multiplied by 
the term. Brackets are used to show this. For example, to double 4+ 3 we write 2 x (4+ 3), and 
each term within the brackets (both 4 and 3) must be doubled. The expanded version of this 
expression is 2x 4+2 x 3. 

Similarly, to double the expression x + 1, we write 2(x + 1) 22x х+ 2x I. This expansion 
of brackets uses the distributive law. 


In this diagram, 7 blue blocks are doubled in groups of 4 and 3. 


2x(A-3)22x4-2x3 


o Lesson starter: Rectangle brackets 
Consider the diagram shown. 


Write an expression for the rectangle area A}. 
Write an expression for the rectangle area A5. 
Add your results for A; and A> їо give the area of the rectangle. 
Write an expression for the total length of the rectangle. 

Using the total length, write an expression for the area of the rectangle. 
Combine your results to complete this statement: 4(x + 2) 2| |+ 


8 The distributive law is used to expand and remove brackets: 
* The terms inside the brackets are multiplied by the term outside the brackets. 


A, х 


a(b+c)=ab+ac eee 


For example, 2(x+4)=2xx+2x4 
=2x+8 
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Exercise 3С 
Understanding 122 
1 The distributive law says that each term inside the is multiplied by the term 


the brackets. 


2 Complete the following. 


a 3x44)23x! (43х b 2(x-5)22x| 41 х(-5) 
=3x+ =| |-10 
c 2(4х-3)-2х| |+| (х3 d х(х-3)-ххХ1 |+| |х| | 


Example 8 Expanding expressions with brackets 


Expand the following. 


a 2(x+5) DS (2 9) с 3у(2х-4у) 
Solution Explanation 

a 50:43) 22224 Multiply each term inside the brackets by 2. 

= sea 10) 
b 30x-3)23x2x 43x 3) Multiply 2x and —3 by 3. 
EIS So duco S EU с = бу. 
с 3y(2x + 4y) = Зух 2x + 3y x 4y Multiply 2x and 4y by 3y. 
= бху + 1252 Зух 2x =3 5 2 x xy and 3yx бура 3x 4x у xy. 


Recall: y x y is written as y?. 


Now you try 
Expand the following. 
a 3(х+4) In Se = 2) с 4a(2a+ 5b) 


3 Expand the following. 


а 20888) b 3047) ийг Hint: Use the distributive law: Ч 
Z 
d 5(y-2) e 23x42) f 4Qx-5) шэг 
А =ab+ac 
g 3(3a-4) h 7(2y-5) i 5(2a+b) E 
a(b—c)-axb-cax(-c) 
j 3(4a- 3b) К 2x(x+5) | 3x(x- 4) =ab—ac 
m 24(За--25) п 2y(3x - 4y) о 3b(2a- 5b) 
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Expand the following. 
а =3¢e> 4) 


Solution 


BEE 
a -3(x-— 4) = -3 x x+(-3) x (-4) 
=—3х+ 12 


Ze М 
b —2x(3x — 2y) =—2x x 3x + (—2x) x (-2y) 
= —6x? + 4ху 


Now you try 
Expand the following. 
а –4(х – 5) 


4 Expand the following. 


a —2(х+3) b -5(m-42) 

а -4(x - 3) e —2(т-—7) 

g —(х+у) һ —(х—у) 

| —3х(2х+5) К -4x(2x - 2) 
m —2x(3x - 5y) n —3x(3x-2y) 


Expand and simplify the following. 
а 8-302х-3) 


Solution 


A >S 
а 8-30х-3)-8-0х-9 


=6x-1 
л VEN 
b 3(2х+2)—4(х+4)=бх+б—4х— 16 
=2х— 10 


Моу/ уои 1гу 
Expand and simplify the following. 
а 5+2(4a – 3) 


ISBN 978-1-108-87886-9 
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li) «-2(2885-239) 


Explanation 


Multiply each term inside the brackets by —3. 


~3 x (-4) 2412 


If there is a negative sign outside the bracket, the 
sign of each term inside the brackets is changed 


when expanded. 


Е ok E 2I Gy 00522112) 
Ex x (Ey oa) 


m 
Du 


Г (0 


a= 


b —3y(2x – 4y) 
c -30/-4) Hint: A negative out the front will 
f —7T(w = 5) change the sign of each term in 
i —2x(3x+4) the brackets when expanded. 
| -3yQ2y-9) -2(x - 3) =-2x +6 


0 —6y(2x-3y) 


b 3(2х+2)— 4(х+ 4) 


Explanation 


Expand the brackets first: 3 x 2x + 3 x (73) = 6x - 9. 


Collect like terms: 8 – 9 = —1. 
Expand the brackets first. Note that 
—4(x 4) = CA x x+ (-4) x 4 = —4x — 16. 


Collect like terms: 6x — 4x = 2x and 6 — 16 = —10. 


b 5(3+3) – 2(2у + 5) 
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5 Expand and simplify the following. 


а 2+5(х+3) b 3+7(x+2) Hint: Expand first, then collect like terms. 172 
с 5+2(х - 3) d 7-2(x+3) 
e 21-5(х-4) f 443Qx- 1) 
4 3+2(3х+4) h 8-20(2х-3) i 12-3Qx-5) 
| 3(х+2)+4(х+3) k 2(р+ 2) + 5(р – 3) | 4(х- 3) + 2(3х+4) 
m 3(25+ 3) - 2(5+2) n 4(3f +2) – 2(6f +2) 0 3(2х— 5)— 2(2х—4) 
Problem-solving and reasoning 6,7 
6 Fill in the missing term/number to make each statement true. 
a (х+4) = 2x48 р (2x -3)2 8х - 12 с (Ох + 3) = 6x2 +9х 
d 4(1-5)-12х-20 e 4((1-1 D = 4? - 4y f —2x([ ]-[ D = -4x? - бху 


7 Four rectangular rooms in a house have floor side lengths listed below. Find an expression for the area 
of each floor in expanded form. 


a 2andx-5 b xandx+3 Hint: Area of a rectangle — 
length x width 


с 2xandx+4 d 3xand2x-1 


8 The deck on a house is constructed in the shape shown. Find 
the area of the deck in expanded form. (All lines meet at 90°.) 


x43 


Hint: To find 10% of an amount, 2 


9 Virat earns $x but does not have to pay tax on the first $18 200. multiply by 10 = 0.1. 
: : Эг 100 
a Write an expression for the amount of money Virat is taxed on. 
b Virat is taxed 1096 of his earnings in part a. Write an expanded 
expression for how much tax he pays. 


Xr Expanding binomial products 


10 A rectangle has dimensions (x + 2) by (x + 3), as shown. The area can be found by x 3 


summing the individual areas: x 
(x + 2)(x + 3) =x7+3x4+2x+6 
2 2 |2х 
=X +5x+6 
This can also be done using the distributive law: 
(x + 2)(x + 3) = x(x + 3) + 2(x + 3) 
= x7 4+3x+2x+6 


= х2 +5x+6 
Expand and simplify these binomial products using this method. 
а (х+4)(х+3) b (х+3)(х+1) с (х+2)(х+ 5) 
d (х+2)(х – 4) е (х+5)(х – 2) f (х+4)(2х+3) 
g (2х+3)(х- 2) h (х- 3)(х+4) і (4х- 2)(х+ 5) 
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ЗО Factorising algebraic expressions 


Learning intentions 


To be able to identify the highest common factor of terms 

To know the form of a factorised expression 

To understand that factorising and expanding are reverse processes 

To be able to factorise algebraic expressions involving a common factor 
Key vocabulary: highest common factor, factorise, term 


Factorising is an important step in solving many types of equations and in simplifying algebraic expressions. 


Just as 15 can be expanded and written as 3 x 5, we can factorise to write an algebraic expression as the 
product of its factors. Factorising is therefore the opposite of expanding. 


© Lesson starter: Products of factors 


e Expand the product 6(2x + 4). 

e Write as many products as you can (using whole numbers) that give the same result as 6(2x + 4) 
when expanded. 

Which of your products has the highest number in front of the brackets? What is this number? 
How does this number relate to the two terms in the expanded form? 

Write a product of factors that expand to 18x 24, using the highest common factor. 


8 Factorising involves writing an expression as a product. 


8 Factorisation is the opposite process of expansion. 


8 То factorise an expression, take out the highest common factor (HCF) of each of the terms. The 
highest common factor is the largest number, pronumeral or product of these that divides into 
each term. 

* Divide each term by the HCF and leave the expression in the brackets. 

e A factorised expression can be checked by expanding to get the original expression. 

e |f the HCF has been removed, the terms in the brackets should have no common factors; e.g. 
2(x + 3) is fully factorised, but 2(4х + 6) is not because 2 can still be divided into both 4 and 6 
within the brackets. 


For example: 3х+ 12 = 3(х+ 4) Hr: 3 
2x? + 8x = 2x(x +4) HCF: 2x 
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Exercise 3D 


Understanding 1-3 


1 Write down the highest common factor (HCF) of these pair of numbers. 
a 10апа 16 
р 9апа 27 
с 14апа 35 
d збапа 48 


2 State true (Т) or false (Р) if the first expression is the factorised form of the second expression. Confirm 
by expanding. 
a 3(х+2), 3x46 
b -2(x-4) -2x- 8 


3 Consider the expression 4x? + 8x. 
a Which of the following factorised forms uses the HCF? 
А 2(2х2 +4х) B 4(x? + 8x) С 4x(x+2) D 2x(2x+4) 
b What can be said about the terms inside the brackets once the HCF is removed, which is not the 
case for the other forms? 


Example 11 Finding the HCF 


Determine the HCF of the following. 


а 8aand 20 b Зхапа 6x c 10a” and 15ab 
Solution Explanation 
a HCF of 8a and 20 is 4. Compare numerals and pronumerals separately. 


The highest common factor (HCF) of 8 and 20 is 4. 
а is not a common factor. 


b HCF of 3x and бх is Зх. HCF of 3 and 6 is 3. 
x is also a common factor. 


c HCFof 10a2 and 15ab is 5a. HCF of 10 and 15 is 5. 
HCF of ад and ab is a. 


Now you try 


Determine the HCF of the following. 


a 10x and 25 b 7x and 14x с 9yz and 15y? 

4 Determine the HCF of the following. 
a 6xand 12 b 10 and 15у Hint: Find the HCF of the numeral "d 
m saand Wh й ханд 18y and variable factors. 
e 5aand 20a f 10m and 22m 
g l4xand2lx h 8a and 40ab 
і Заг and 9ab j 4x?and 10x 
k 16y and 24xy | 15x?y and 25xy 
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148 Chapter 3 Algebra and indices 


Factorise the following. 


a 4x+20 b 6a—15b 
Solution Explanation 
a 4x+20=4(x+5) HCF of 4x and 20 is 4. Place 4 in front of the brackets and 


divide each term by 4. 


JS 
Expand to check: 4(x + 5) = 4x + 20. 


0 @ 15523029 = 5p) HCF of ба and 155 is 3. Place 3 in front of the brackets 
and divide each term by 3. 


Now you try 
Factorise the following. 
a 3x+15 b 12m- 18n 


5 Factorise the following. | 


е8 
Су 


a 3x49 b 4x-8 с 10y —20 Hint Check your answer by expanding. 
СМ 
d ба+30 е 5х+5у Ї 12a + 4b 40:43) -3х 59 
g 18m-27n h 36х-48у Г 8x+44y 
| 24а-185 К 121m+55n | 14k — 63/ 
Factorise the following. 
a 8у-12ху b 4x? - 10x 
Solution Explanation 
а 8у+12ху = 4у(2 + 3х) HCF of 8 and 12 is 4, HCF of у and xy is y. 


Place 4y in front of the brackets and divide each term by 4y. 
гоо 
Check that 4у(2 + 3x) = 8y + 12xy. 


b 4x?- 10x = 2x(2x - 5) HCF of 4x? and 10x is 2x. Place 2x in front of the 
brackets and divide each term by 2x. 
Recall: x? = x x x. 

Now you try 


Factorise the following. 


a 9at+24ab b 15x?- 35x 

6 Factorise the following. 9 
а 14х-21ху b бар – 15b с 32у - 40ху Hint: Place the HCF in front of the 9) 
d 552-5х е х2+7х f 242+ 8а brackets and divide each term by the К 

р p HCF: 14x +21xy = 7 + 
g 1242-4245 һ 92-63 | 6х2+14х Са == 
| 9х2 - 6x k 16у2+ 40у | 10m – 40m? 
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Example 14 Factorising expressions by removing а common negative 


Factorise —10x2 — 18x. 


Solution Explanation 


-10x? - 18x = -2x(5x + 9) The HCF of -10x? and -18x is —2x, including 
the common negative. Place —2x in front of 
the brackets and divide each term by —2х. 
Dividing by a negative changes the sign of 


each term. 
Now you try 
Factorise -8y? — 36y. 
7 Factorise the following, including the common negative. Hint: Dividing by a negative changes the 
a -2x-6 b -4а-8 с -3х-06у sign of the term. | 
d -7а-14а9 e -х-10ху f -3b-12ab 
g —x?-7x h -4х2-12х i —2у2—10у 
j —-8x2- 14x К -12x2- 8x | -1542-5а 
Problem-solving and reasoning 8,9 
8 Factorise these mixed expressions. 
a 7ab-ab b 4а?Ь+20а? с xy-xy 
4 х2у-4х2у? e 6mn+18mn? f 5х?у+ 10ху? | | ; 527 
2 2 : 2_ 2 Hint: Be sure to find the highest v 
g =y- 8yz h —3а°Б—6баЬ | —ab^— ab common factor first. 
9 Give the perimeter of these shapes in factorised form. 
a 10 b с eg 
3x Hint: Find the perimeter first, then 4 
2x factorise. 


2x4 8 


10 А square sandpit has perimeter (4x + 12) metres. What is the side length of the square? 


11 Common factors from expressions involving more than two terms can be removed in a similar way. 


Factorise these by taking out the HCF. 9: 
а 2x+4y+6z b 3х2+12х+6 с 4х2-8ху-12 Hint: 4a + 6b + 10c 52 
d 6х2-3ху-9х е 10ху-5х:45х f 4у2- 18у + 14ху тг 


Taking out a binomial factor = 


12 А common factor may be a binomial term, such as (x + 1). 
For example, 3(x + 1) + x(x + 1) has HCF = (x 1), so 3(x + D) -х(х-1) = (x + 1)(3 + x), where (3 + x) is 
what remains when 3(x + 1) and x(x + 1) are divided by (x + 1). 
Use the method above to factorise the following. 


a 4х-2)-х(х-2) b x(x+3)+2(x+3) с х(х+4) – 7(х+4) 
d х(2х+1) – 3(2х+1) e 2х(у – 3)  4(y - 3) f 2xx-1)-3(x- 1) 
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ЗЕ Multiplying and dividing algebraic 
fractions Ж 


e To know that expressions must be factorised before common factors can be cancelled 
e То be able to simplify algebraic fractions by cancelling common factors 
e То бе able to multiply and divide algebraic fractions 


Key vocabulary: algebraic fraction, common factor, factorise, numerator, denominator, reciprocal 


Since pronumerals represent numbers, the rules for algebraic fractions are the same as those for 
simple numerical fractions. This includes processes such as cancelling common factors to simplify the 
calculation and dividing by multiplying by the reciprocal of a fraction. 


The process of cancelling requires cancelling of factors, for example: 
8 2хХ4! 2 


12 3х4, 3 


For algebraic fractions, you need to factorise the expressions to identify and cancel common factors. 


o Lesson starter: Expressions as products of their factors 


Factorise these expressions to write them as a product of their factors. Fill in the blanks and simplify. 


2x44 Ср бугд ГЫ 5-- 
2 2 =] Зо 3 El 

х2ж2х _ ( A 4x+4_ ( ) 
x xX 4 4 

Describe the errors made in these factorisations. 

12х+2 х2-3Х! 4 6х1+6 12 
3 x+2 т x- +1 il i 


8 An algebraic fraction is a fraction containing pronumerals as well as numbers. 


8 Simplify algebraic fractions by cancelling common factors in factorised form. 


For example, 47-6 = о 
2 2 
x 
8 То multiply algebraic fractions: (xt! 2 oe x 
* Factorise expressions if possible. W "4G 8 
* Cancel common factors. 
* Multiply numerators and denominators 
together. 
8 To divide algebraic fractions: DITE: 
* Multiply by the reciprocal of the fraction following the CENE 
division sign (e.g. the reciprocal of 6 is L the reciprocal -A x SAT 
А (х=2)1 84 
а is? 
of 55 2! ES 
* Follow the rules for multiplication. 4 
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Exercise ЗЕ 


Understanding 1-3 
1 Write these fractions in simplest form by cancelling common factors. Hint: Be sure to cancel the highest. PS 
14 9 8х 4х common factor. 
“a tE 920 Ч 10 
2 Write the reciprocal of these fractions. Hint: The reciprocal of 4 is Ж 
а 3 b ЭХ с 7 d x i 
2 3 4 


3 Follow the rules for multiplication and division to simplify these numeric fractions. Cancel common 
factors before multiplying. 
15 ,, 14 4 .16 
* 21728 975770 


Example 15 Cancelling common factors 


Simplify by cancelling common factors. 


ae р 3(х+2) 
1125 6(x + 2) 
Solution Explanation 


8ху 78x x! xy 


a Cancel the highest common factor of 8 and 


3 I 
ын 2x x 12 (i.e. 4) and cancel the x. 
_2у 
EE 
1 1 
Ыт = 2 2 о Cancel the highest common factors: 3 and 
a 6x (+2) (22) 
21 
2 
Now you try 


Simplify by cancelling common factors. 


18ab Sog — | 
MET 11:25) 
4 Simplify by cancelling common factors. Hint: Cancel the HCF of the numerals 1 
а 9X p 124 p BE d 25x? апд pronumerals. 
12x 30b 40x 5x 
3(x + 1) 7(х = 5) 4(х + 1) 5(x — 2) 
еч цаа J 3 T 12 
i 4(x — 3) j 6(x + 2) Ё 9(х + 3) | 15(x — 4) 
x=3 12(x + 2) 3(x +3) 10(x — 4) 
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Simplify these fractions by factorising first. 


Oye = 1027 


а сш 


Solution 
9x = 12 13(3х-4) 
3 31 
= shee a! 
p 4+8 4042) 
х-2 хэ2| 
=á 


a 


Now you try 
Simplify these fractions by factorising first. 


IONES 


DE 


5 Simplify these fractions by factorising first. 


pr 4: 
Ex ^ ECT 
eee 
Simplify these products. 
Solution 

Ka 9 

4-4 
| 02021 

102 == 

4-4 


Explanation 
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4x+8 
x+2 


Explanation 


Factorise the expression in the numerator, 
which has HCF = 3. Then cancel the common 
factor of 3. 


4 is the HCF in the numerator. 
After factorising, (x + 2) can be seen as a 
common factor and can be cancelled. 


Hint: Cancel after you have factorised 
4 the numerator. 


Cancel common factors between numerators and 
denominators: 5x and 3. 
Then multiply the numerators and the denominators. 


Cancel the common factors, which are (x — 1) and 5. 
Multiply numerators and denominators. 


€ Greenwood et al. 2021 


S 


Cambridge University Press 


Updated June 2023 


Now you try 
Simplify these products. 


POR: 
айу о 


6 Simplify these products. 


3 2x 4x ‚15 
а 5х9 05 8х 
21225 4y? 21 
си 8 77 ву 
x+3, 4 A(y — 7) 3 
9 9 “x43 " 2 NEN. 
| 42-2) 14 3(x +2) 8 
7 5(Х:-52) 2х 9(х + 2) 
Simplify the following. 
3x? _ 9x 
D 
Solution 
Зэ 9х _ Bx?! 21 
8 4 82 СОЕ 
_x 
6 


pco ee E 
DA ЕС 31 Бы ып 


=á 


Now you try 
Simplify the following. 
Jx* ПЫ 


10955 
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3E Multiplying and dividing algebraic fractions 


b A(x + 2) х 12 

9 x+2 

T 
14 6a Hint: Cancel any common factors 

between numerators and denominators 

х-1 5 before multiplying. 

f x 

6 х-1 


i 10 x Hla + б) 
а+ 6 4 


4(2х +1) 4 9x 
3x 2х+1 


р у=?) ; үш? 
B 6 


Explanation 


Multiply by the reciprocal of the second 
fraction. 
4 


9х. 
The reciprocal of 4 59r 


Cancel common factors: 3x and 4. 


Multiply the numerators and the denominators. 


: Хз 080 
The reciprocal of EIS 
Cancel the common factors (x — 2) and 3, and 


multiply. Recall: + = 4. 


b Зян ID). aede Il 
4 А 
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ЕЗ 7 Simplify the following. 


! 


a let b 3х. х Hint: To divide, multiply by the reciprocal Е 
5 15 10 20 of the fraction following the division sign. 
c d.a d Зх бх хоо хо 
9 18 10 5 5 15 5 x 
4a . 542 2335 
uM шз t 714 
g x-4,x-4 h 2&2), x-2 | 20:44), 6x * 4) 
2 6 8 ШЕ 10 15 
ј 2 FER k 20-33), хез | 3(x+1) , 6041) 
52х-1) 2х-1 x-4 5(x — 4) 14(х= 1) 35(х-1) 


Problem-solving and reasoning 8, 9(%) 


2.35 


8 Find the error in the simplifying of these fractions and correct it. нп Remember that common factors сап 4 


2 be easily identified when expressions are 
"i fo =3x+2 b oa =х?+2 in factorised form. 
1 1 
с 4x, 10x _ 4x, 2х d X154, B14 
8-3 34 3 154 xı 5 
_ 8° 
3 
9 Simplify these algebraic fractions by factorising expressions first. 
a 7a + 14а2 b 4x+8 с х2-3х 
21а 5x4 10 4x - 12 

2т+4,, 3 Sex 14 х2-2х. 8 
10702 е 712 15-3 Цаг эг 
д 25-1,4х-2 h 2544, 3x+6 | 252-4х, бх 

10 ^" 25 6x | x 3x-6 x+5 
10 By removing a negative factor, further simplifying is sometimes possible. "» 
24 
For example, =2х=4 .-М е5 _ —2. Hint: Taking out a negative factor , 
х+2 х-2| changes the sign of each term inside the 

Use this idea to simplify the following. ШШ 

—3х—9 -4x - 10 =i — 4x 
s х-3 һ 2х+5 5 х-4 

—3х? = 6x —2x +12 -10х- 15 
dX ш ийла ы PE 


A (xt 
11 Justas 2 = x, = x + 1. Use this idea to simplify these algebraic fractions. 

x! x-Fli E 9 

Some will need factorising first. 

x DD. d p Сее? dx "EE E 
8 x4l ЇХ 3(x + 1) х-2 (х- 2)2 

(х + 2)? 5 (x = 3)? 3x 15 |, 6 
d 10 "4x48 E 9х ^4х-12 ! 8х+4 (2х-1) 
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ЗЕ Adding and subtracting algebraic fractions Ж 


Learning intentions 


e То know that the steps for adding and subtracting algebraic fractions are the same as for numerical fractions 
e To be able to find the lowest common denominator of fractions 

e То be able to add and subtract algebraic fractions 

Key vocabulary: lowest common denominator, equivalent fraction, algebraic fraction, numerator, denominator 


As with multiplying and dividing, the steps for adding and subtracting numerical fractions can be 
applied to algebraic fractions. A lowest common denominator is required before the fractions can be 
combined. 


o Lesson starter: Steps for adding fractions 
* Write out the list of steps you would give to someone to show them how to add i and Z 


e Follow your steps to add the fractions 3% ES X and = ын 


х-2 
EG 


8 То add or subtract algebraic fractions: 
* Determine the lowest common denominator (LCD) - the smallest common multiple of the 
denominators. 
For example, the LCD of 3 and 5 is 15 and the LCD of 4 and 12 is 12. 
e Write each fraction as an equivalent fraction by multiplying the denominator(s) to equal the 
LCD. When denominators are multiplied, numerators should also be multiplied. 


For example, i: (120073 апа 5215.) 


* What is different when these steps are ea to ——- and 7 


and 2x xX (LCD of 4 and 12 = 12.) 


“р р 
e Add or subtract the numerators. 
Sev 622 11Ш (ve. 3€ 558 


For example, oum ds and 10271081) 


х-1 
3 
multiplied by 4 with brackets required to multiply the numerator: 
(x+ 1)x4) _4x+4 
3x4) 12 


8 То express —— with a denominator of 12, both the numerator and denominator must be 
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Exercise 3F 


Understanding 


Write down the lowest common denominator (LCD) for Hine THelLGD ie hotalwaye tne 180 
these pairs of fractions. denominators multiplied together; 
a 2X х b X x с 3х 2x e.g. 3 x 6 = 18 but the LCD of 3 

5'4 3' 12 10' 15 and 6 is 6. 
Complete these equivalent fractions by giving the 
missing term. Hint: For equivalent fractions, 127 

2x хээл (х-1) whatever the denominator is multiplied | 
a 1 7D b == с 3 ~ 20 by, the numerator must be multiplied 
by the same amount. 

Complete the following by filling in the boxes. 

Xak ЖОЕ IL 2x X LI. 
а 4'5 20 20 b 7$ 10 10 10 


Fluency 


Simplify the following. 


Example 19 Adding and subtracting algebraic fractions 


ISBN 978-1-108-87886 
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Xxx 4х x хээ 
Ou 2720 29170 
Solution Explanation 
a 2 2 - E The LCD of 2 and 3 is 6. 
шалаа Express each fraction with a denominator of 6 
= x and add numerators. 
Ten == — - — The LCD of 5 and 2 is 10. 
= Эн Express each fraction with a denominator of 10 
i and subtract 5x from 8x. 
c 2 2 9х -2 The LCD of 2 and 6 is 6. Multiply the numerator 
х 
. X H 
e and denominator of 7 by 3 to express with a 
6 denominator of 6. 
Write as a single fraction; 3x — 5 cannot be 
simplified. 
Now you try 
Simplify the following. 
530252 3o X Xal 
as аж, ©; 
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4 Simplify the following. 


a a b Ee с 

d 5. е AE f 

de эру! 
5 Simplify the following. 


Simplify the following algebraic expressions. 


x42 X 
da 7 
Solution 


a {+ 2 го 20. 
A(x 3) 6(x 2) 12 12 


2 okt 6S 2х 
12 


_х+6 


12 


р t3)», (х= 4&3) 7(х43),3(х-4) 
307) 7(x3) 21 21 


_71x+21+3x-12 
21 


EIU VERD 
21 


Now you try 
Simplify the following algebraic expressions. 


ARA. 
051 
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3F Adding and subtracting algebraic fractions 157 


Hint: Express each fraction with a 


0 common denominator using the LCD, 
then add or subtract numerators. 
12 
x 
2 
3x 
2 
23:22:31 
с TL 
15 20 
f 5.x 
6 4 
p anoa 
3 7 
Explanation 


The LCD of 4 and 6 is 12. 

Express each fraction with a denominator 
01 12. 

When multiplying (x + 2) by 3, brackets are 
required. 

Expand the brackets and collect the terms: 
Bie tt = 2x 32x 


The LCD of 3 and 7 is 21. 

Express each fraction with a denominator 

Of ЭЛ. 

Expand each pair of brackets first and sum by 
collecting like terms. 


XT? =з 
реу 
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ЕЭ 6 Simplify these algebraic expressions. 


x-2,x х+4, 2х Ө 
dE ныг dis t Hint: LCD of 2 and 3 is 6: 
x—2.,3X X-4 x | 2 
C 1 + 8 d 3 6 xil.a- z ч 2 
+2 _ х 


Problem-solving and reasoning 


7 Find the error in each of the following and then correct it. 


2x | 3x _ 5х 3x. 28 
73 uw 12 TB 
с Xt2,Xxt*4 3х+2+5х+4 d х+4,х-3 3х412-х-3 
5 3 15 2 6 6 
_ 8x+6 _ 4х+15 
15 6 


8 Recall that the expansion of —5(x — 2) is -5x + 10, 
so 6(x + 1) – 5(x — 2) = 6x +6-5x+10=x+16. 
Use this method to simplify these subtractions. 


9 TheLCD of the fractions 4+ 2 is 3 x x = 3x. л sel 9 
Use this to find the LCD and simplify these fractions. x 3 3x 3x 
THE s 
1 7-5 е 575 2. 


Pronumerals in the denominator 


10 As seen in Question 9, pronumerals may form part of the LCD. 


The fractions 2 and 2 would have a LCD of 4x, whereas the fractions ы апа = would have a LCD 
X 
of x?. 
By first finding the LCD, simplify these algebraic fractions. 
De du» 3 _1 ЕЯ 
* 4 2C Жш ^ 10 4x iuge 
4,1 з а шаг БОР 
е Pi: f Мз g a 2 h x 
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а 


1 For the expression 228 — 3x? + 5, determine: 


а the number of terms 
the constant term 
c the coefficient of: 

i x? 

ii y 


= 


2 Find the value of the following expressions if a = 2, b = —5 andc=8. 
a ab+2c b b*-ac с 2505 


3 Simplify the following by collecting like terms. 
а 40-5 ex 

b 7х-3у-2х-8у 

с Зх2у + 5ху2 – х2у+ 2ху2 


-— 
О 
© 
-— 
(D 
0 
Ф 
© 
= 
N 


4 Simplify the following. 


a Згх 475 р 5 c 15mn? + (бтп) 
Expand the following. 

a 3(2х+3) 

b 4х(5х-2) 

6 =@ с=з) 


6 Expand and simplify the following. 
а 4+2(4х – 5) 
р 4(2х+3) – 5(х - 4) 


c 


7 Factorise the following by first identifying the highest common factor. (Include 
any common negatives.) 


a бт+12 b 15a- 20ab 
с 4xy+x d 6x?- 10x 
e -8x-20 f -332-6y 
8 Simplify by cancelling common factors. You will need to factorise first in parts b and c. 
8(x - 1) m 122225 d 212440) 
&(х — 1) 5 x+3 
9 Simplify the following algebraic fractions. 
a © E DE a P 
7 16x Also] l 


10 Simplify the following algebraic fractions. 


3x x 
а с һ 


xe ML ae 2 


11 Simplify озо 


1-4 1 


3G Index notation and index laws 1 and 2 


e То understand index notation and know that it is a shorthand way of writing multiplication of the same base 
e То know the index laws for multiplication and division involving a common base 

e То be able to apply the index laws for multiplication and division 

e То be able to use a calculator to evaluate a power 


Key vocabulary: index form, exponent, power, base, index 


When 9 is written as 3?, we are using index form. The 2 » ane a 
in 32 is called the index, exponent or power, and the 3 is = “7.27 '* qu. 
called the base. mets. — 
When the same factor is multiplied repeatedly, index № 28. Cu Bia. 
form provides an efficient way to represent this. For Ё eu = WIG &- 
example, 5x 5x 5x 5 is written as 5^ instead. For terms D -6,, = 
with the same base, calculations can be carried out in index bs wA е. ca 
form using the index laws. | Ё 45. OM 
ER азай 


Ө Lesson starter: Simplifying in index form 


e Express the following calculations in expanded form and then simplify the result in index form. 
а SxS b 6х6 
Describe how you could write these in index form without first expanding them. 
Express the following in expanded form and then cancel common factors to write the 
result as a single term in index form. 
4? " 76 
42 T? 
Describe how you could write these in index form without first expanding them. 


8 For a number in index form; e.g. a”, we say ‘this is a to the power of m', where a is the base 
and m is the index, exponent or power. 
* The exponent, index or power tells us how many times to multiply the base number by itself. 


a 


For example: 
index expanded basic 
form form numeral 
5 = 5x5x%5 = Jes 


* Note that a= a! 
• The power button (|^ ) оп a calculator allows you to evaluate 54 using 5(^)4. 


8 The first two index laws deal with multiplication and division of numbers expressed in index form. 
o Ines eu 2201-0220. со 
e Index law 2: a" + а" = q^" 


m =, = 
=a еси = EU 
а 
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Exercise 3G 
Understanding 1-4 
1 Fill in the missing words, using index, power, multiply, expanded and base. 
a In 35,3 isthe and 5 is the 
b 4° is read as 4 to the of 6. 
c 7 isthe form of 7 x 7x 7 x 7. 
d The power tells you how many times to the base number by itself. 
e 6x6x6is the form of 6°. 
2 Write the following in expanded form. | анте жар 
: шаг 
7 p di r 5®—5х5х5х5 
C х d (ab) index expanded 
3 Complete the following to write each as a single term in index form. inn iom 
-— 50 5х5Х 
a 7х7 =7х7х7х һ z^ 3x5 
=7 
=5 
4 Choose from the words add or subtract to fill in the missing words. 
a Index law 1 says that when two terms with the same base are multiplied, the powers. 
b Index law 2 says that when two terms with the same base are divided, the powers. 


Example 21 Writing in index form 


Write each of the following in index form. 


d 5x95x25 b Axxxxx4xx с axbxbxaxbxb 
Solution Explanation 

а 5х5х5-5 The factor 5 is repeated 3 times. 

b 4xxxxx4xx=4x4xxxxxx Group the factors of 4 and the factors of 


ЕИ 


с axbxbxaxbxb 
=axaxbxbxbxb 


= а?Ь® 


Now you try 


x together. 


The factor x is repeated 3 times; 4 is 
repeated twice. 


Group the like pronumerals. 


The factor a is repeated twice and the factor 
b is repeated 4 times. 


Write each of the following in index form. 


A) BRSK SMS 
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162 Chapter 3 Algebra and indices 


ЕЭ 5 Write the following in index form. 


a 9Эх9х9х9 

b 3x3x3x3x3x3 
с 15x15x15 

d SxcxxXxxx» 
e 4хах4хах4хаха 

f bx7xbxbxb 
ххуххххху 
axbxaxbxbxb 

| 3ххх3хуххх3хуху 


| 4xxxzx4xzxx 


Simplify the following, using the first index law. 


а x’xx4 b ab? x ab? 


Solution 


b ab х ab? = at! p23 
= аЬ? 
саг 11 


Hint: Group different bases together and 
write each base in index form. 


C oxy <4 


Explanation 
Use law 1, a” x a" =a'"*", to add the indices. 


Add the indices of base a and base b. Recall 
that a = al. 


Multiply the coefficients and add indices of 


СЭ 


= 12x5y7 the common bases x and y. 


Now you try 


Simplify the following, using the first index law. 


5) 3 


а xxx b х?уххЗу* с 5ab? x 24257 


6 Simplify the following, using the first index law. 


a x hx" b р?хр? 
d {2 4 B: 

c txt d аха 
Hint: Index law 1: 2" x a” = a” +” E 


e gx g f f? xf Group common bases and add indices 
when multiplying. 

g 2p xp h 3c*+x ct 

і 254 x 357 | ab? xab’ 

k d'f?xq?f? | У2ху22 

m 3a*b x Sab? n 2х2ух3ху? 

о 3e? x 6er p -4p c х 2рс 

д 2253 х 5т25° г —3d^f? х (27242) 
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Simplify the following, using the second index law. 


а psp 
Solution 
a p р эрээ 


2 8 
b 12m8 + (6m) = = 


шоог 


8ху2 Bxxxy? 
02-13452 
z 2 
2 
20:11 
= ог 5х 
Now you try 


Simplify the following, using the second index law. 


аг. 


b 12m? + (6m?) 


b 20a® + (802) 


За Index notation and index laws 1 and 2 


Explanation 


Use law 2, a” + а" =a'"~", to subtract the 


indices. 


Write in fraction form. 


Cancel the highest common factor of 12 


and 6. 


Use law 2 to subtract indices. 


Cancel the common factors of the numerals 
and subtract the indices of base x and 


base y. 


7 Simplify the following, using the second index law. 


а ur 


d & 


8 2aty* + (4ay) 
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P 

14 

P 

f 

2f? 

24m! + (16m?) 


577 
343? 


37,52 
9r3s 


13m^n$ + (26m^n?) 
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C 


f 


с 6a? p^ 
Jab? 


а 


p? 5 


m 


mL EY 


95^ е 
3n 


10d? + (30d) 


6c*d6 + (15d) 


18x*y? + (-3x?y) 


SS 
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When dividing, subtract indices of 
common bases. 
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164 Chapter 3 Algebra and indices 


Problem-solving and reasoning 


2475 х За253 


12:82 using index laws 1 and 2. 
a 


Simplify 


Solution Explanation 


3 253 ЖОЕ 
СаО ао eu Simplify numerator first by multiplying coefficients and 


4,2 42 
1247 12079 using law 1 to add indices of a and b. 
“614554 Cancel common factor of numerals and use law 2 to 
22g p subtract indices of common bases. 
a5 Ap 2 
2) 
p 
Now you try 
2 5,4 
Simplify ы using index laws 1 and 2. 
18a°b 


8 Simplify the following, using index laws 1 and 2. em 
2 3-29 Hint: Simplify the numerator first using - 


4 xy > Di b ааш index law 1, then apply index law 2. 
ey mw 
4 r^s! x rts! 16485 x Аар! 
“760 320706 
12xy® 12e^w 


9 When Stuart uses a calculator to raise —2 to the power 4 he gets —16, when in fact the answer 
is actually 16. What has he done wrong? 


Ч Index laws and calculations - 


10 Consider the following use of negative numbers. m e 
А Int: / 

a Evaluate: - (220 

i (3? i —3? : 

| - (Cy a2 ок (52) 

b What is the difference between your two answers Consider order of operations for —32 

in part a? and —23. 
c Evaluate: 

i (-2)3 ii -23 


d What do you notice about your answers in part ¢? Explain. 


11 Use index law 2 to evaluate these expressions without the use of a calculator. 


3 7 8 10 8 12 
aom 186 ES d е 45 г оғ 
13 18 9 3 4 2 
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3H Index laws 3-5 and the zero power 


e То know how to apply indices to terms in brackets 

e То know the rule for the zero power 

e То be able to simplify expressions involving indices and brackets 
e To be able to simplify using the zero power 

Key vocabulary: index/indices, base 


Using index laws 1 and 2, we can work out four other index laws to simplify expressions, especially 
those using brackets. 
For example, (42)? = 4 x x 4? 
= 42+2+2 — 46 (Add indices using law 1.) 
Therefore, (42)? = 42х3 = 46. 
We also have a result for the zero power. Consider 5? + 53, which clearly equals 1. 
Using index law 2, we can see that 53 + 53 = 5373 = 50 


Therefore, 5° = 1, leading to the zero power rule: а9 = 1, (a # 0). 


© Lesson starter: Indices with brackets 
Brackets are used to show that the power outside the brackets applies to each factor inside the brackets. 


Consider (2х)? = 2x x 2x x 2x. 


* Write this in index form without using brackets. 
e Can you suggest the index form of (Зуу! without brackets? 


4 
3-3 2 


Consider = 5X 5X 5X5: 


e Write the numerator and denominator of this expanded form in index form. 


5 
x 
4 


Write a rule for removing the brackets of the following. 


5 x 


* Can you suggest the index form of without brackets? 


m 


• (ab)" 5 um 


8 Index law 3: (a’”)" = а"^" 
Remove brackets and multiply indices. For example, (x3)4 = x?*^ = х!2. 


8 Index law 4: (a x b)” = a” x p" 
Apply the index to each factor in the brackets. For example, (3x)* = 34x^. 
a g 
@ Index law 5: 1 = т 


аг 
Apply the index to the numerator and denominator. For example, 0 pos 


8 The zero power: a? 


Any number (except zero) to the power of zero is 1. For example, 59 = 1, у? = 1, 49 = 4х 1 = 4. 
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Exercise 3H 


Understanding 1,2 


1 Complete the following index laws. 


a Any number (except 0) to the power of zero is equal to 
Index law 3 states (a’”)” = 


c Index law 4: (a x b)" = x 
m 
d Index law 5: |7 ==== 
2 Copy and complete the following. 
4 
a (2а) = 2а х x b H -ix Xt х 
=2х| х| хах| х 
= АЭЖ 
= 2-а Tp xp px 


7 
Example 25 Using the zero power: a? = 1 


Evaluate the following by using the zero power. 


аг b 340 с (—3)9+6х9 
Solution Explanation 
а Лао Zero power: a? = 1, any number to the power zero 
= (except zero) is 1. 
b 3a°=3xa° The zero power applies only to a, so à? = 1. 
шоо! 
c (-3)°+6x°=1+6x1 Any number to the power of zero is 1. 
= Со 20222001 
Now you try 
Evaluate the following by using the zero power. 
а 57-27 b 4y? с (-2)9 + 350 
3 Evaluate the following, using the zero power. 9: 
а 40 р 59 c x? d а? Hint: Any number (except zero) ёй.. 
e f a Pe а о-ой UOTE 
i 349-2 j (-40-2х9 к 2. | 540450 
т 
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Example 26 Using index law 3: (a 


Simplify the following by using the third index law. 


Шү? — qus 


а b 3(f^y 
Solution Explanation 
a (xy 2x7 Apply index law 3: (a’”)" = а" х" to multiply indices. 
35 
эл 


р а) = зоо 
2 apte 


Now you try 


Apply index law 3 to the value inside the bracket only. 


Simplify the following by using the third index law. 


а (уз) 


b 5(т2)* 


4 Simplify the following by using the third index law. 


a (b3)4 
d 3(х2)3 


b (» 


e 5(с5)2 


C (КЗ)! 
f 4(56)3 


Example 27 Using index laws (a")" = a’, (a x b)” = а" x b” and (5). 


Simplify the following by using the third, fourth and fifth index laws. 


а Co 


Solution 


b Gy) 


4: 


Explanation 


Hint: 


Index law 3: 
(Gee = атхп 


а Qs^z2*xs* 
= 1654 
b (х2у5)> = (x^)? x (уЗ)? 
= х10у 


Now you try 


Apply index law 4: (a x b)” = a" x b”. 
Evaluate 2^ 2 2x 2x2 x2. 


Using index law 4, apply the index 5 to each 
factor in the brackets. 


Using index law 3, multiply indices: 


(x2)? = х2Х5 Q3» = у?х5 


Apply index law 5: 


т 
| 24 


Ь 


Evaluate 43 2 4 x 4 х4. 


Simplify the following by using the third, fourth and fifth index laws. 


а Bm}? 
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168 Chapter 3 Algebra and indices 


ED 5 Simplify the following by using the third, fourth and fifth index laws. 


а Gx? b (4m) с (5уу 
d (2х7у e (х2у) f (3a) 
g (x4y26 h (ab) i (mMm Hnt = 
" 4 4 Index law 4 says (3 x x)? = 32 x х2 

j ES к [7 p 15 Index law 5 says Bl = 

5 3 2 5) 52 

243 3\4 3 
Шо о MEME 
у y 


Simplify the following by using index laws. 


2 3,2 2d 
а 3X x 2 y b Е: с (2x2)? +(x)? 
Solution Explanation 
2 582 
Simplify the numerator by multiplying coefficients 
10xy and adding indices, using index law 1. 
Ы бх?у? С 
= z Cancel the common factor of 6 and 10 and apply 
10xy index law 2 to subtract indices of common bases. 
4,0 
= Ny. The zero power says у? = 1. 
5 
3 24 
b [2x 2) Apply index law 5 to apply the index to the 
4 
y у numerator and denominator. 
4 24 
=. г ) Apply laws 3 and 4 to multiply indices. 
y 
16x8 
уй 
сэ Зо 22222 Using index law 4, apply the power to each factor 
22001420 inside the brackets: 
200) (x2)3 = x2x3 = x6 
Any number to the power of zero is 1. 
Now you try 


Simplify the following by using index laws. 


3 
4 2113) х 2 2 
qu b (2% с (Sm^) + 5m? 
6a?b y 
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6 Simplify the following by using index laws. 


А mws nw? b y ” х2у7 
m^w? 10х?у* 
5369 х 493 d 9c452 х 30359 552 
48 3-1 qoom 
3b'c 2675 Hint: First simplify the numerator, then 2 
(5 гб)? Р (2 p^? consider the denominator. 
3,9 3p! 
252 " h r? 2 
Nr Бл 


б 362 272 162 Hint: 362 = (62). 
8 Simplify the following. 
a 2024 x pq b 4(а25У x (Зар)? 
c (Ay x ryt x ar? d 2(n?n)f +m? 
(T2 y? x 3sy? f 3(d^ c)? х 4de 
(sy)? оса) 
42 x 3021) п xy)? x 2002у) 
err 8ху x x1 yi 


All laws together 


9 Simplify the following, expressing your answer with positive indices. 


a (b xa b 2x?y x (xy ^? 
3.2 215 
244 2 2 2a^b* ., 2a*b 
c 2(p^Y х (3p7q) d BOX 
(3rs2)* " (2125) ї A(x2y4)? 4 ху! 
rst 87 x73 252) 
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3| Negative indices 


e To know how negative indices can be equivalently expressed using positive indices 
e То be able to express negative indices in terms of positive indices 

e То be able to use the index laws with negative indices 

Key vocabulary: index/indices, base 


We have seen how positive indices are used as a shorthand way of writing repeated multiplication of the 
same base but what do negative powers represent; e.g. 372 and х”! Negative powers are used in many 
areas of science. 


ТЭГ 
Consider ==: 


3 
Expanding and simplifying gives 
33 s 3! ” 3 4 7! 
3? 3х3х3х3:х3, 
"2G 
3х3 
11 
E 
Using index law 2, however, we get 
oF _ 33-5 
a 
23? 
33-1 
3? Scientists use negative powers when describing the mass or size of very 


small objects. 


o Lesson starter: Continuing the pattern 


Complete this table to consider the value of powers of 3 including negative powers. 


Index form 3 32 | 3! 30 | 37! 3-2 3^? 
Whole number or fraction 27 9 Я = E 
NA мы UU N 4 
+3 +3 +3 


Complete a similar table for powers of 5. 

e What do you notice about the fractions in the second row compared to the numbers with negative 
indices in the top row in each table? 
Can you write this connection as a rule? 

e What would be a way of writing 377 and 574 with a positive index? 
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® Negative indices сап be expressed as positive indices using the following rules: 


-т _ 1 jn 
a = от апа m 


8 The negative index only applies to the pronumeral or term it is a power of. 


5 
For example, 2a ^b? 2 2 х I LP = 26. 


8 All the index laws сап be applied to negative indices. 


Exercise 3| 


Understanding | 1,2 


1 Complete the following, to express with positive indices. 
2 1 
аа”- b qu 


2 Complete the following by filling in the boxes to express with positive indices. 
а х=] b Sxm?=5xi с l =a 
X a 


Example 29 Expressing negative indices in positive index form 


Express the following with positive indices. 


аг b 4y? с 24715 
Solution Explanation 
a х?= E Use аг” = = 
b 4y?-4x 2 The negative index applies only to y; i.e. y ? =., 
Y 3 
1 4,1 4 
4x—-—-x—- 
2 i Z ly y 
» 
ED UNS О a US DE 
(4 20 Биг а EO ос 
2p? Multiply the numerators and the denominators. 
B3 
Now you try 
Express the following with positive indices. 
dus Бол с 000 
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172 


Chapter 3 Algebra and indices 


ЕВ 3 Ехргеѕѕ the following with positive indices. 


à y^ b x* 
e 3x7? Г 55^ 
| 22у | 3a" 


6 x? d a? 
g 4x! h 2m? 
к 3a 2b4 | 5т Зп 


Rewrite the following with positive indices only. 


1 
а БЭ нээн 
vad 
Solution 
1 3 
а —=—=х 
D 
4 1 
b ---4х-- 
209 хо? 
=4хх? 
= 4%) 
ON Жз 1 
Ч ab^ а? 5 574 
5 4 
== xX b 
22 
_ 54 
22 
Now you try 


Explanation 


Use ! eg. 


ZU 
a 


2 


The 4 remains unchanged. 


Note: a =x, 
X 


The negative index applies to b only; i.e. 


а2 


Rewrite the following with positive indices only. 


BIS 
= 


a 


3 
23 


4 Rewrite the following with positive indices only. 


a 


1 

b — 
xc 
2 

е ул 
4 

h 2 
xy 5 


1 
с -37 
у 1 
3 
[ === 
x4 
i 10 
a 


5 Rewrite the following with positive indices only. 


4x? 


a 


-3 
b 2: 
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Hint: Use a^" = -L 
a 


p 


il = п" 
a 


(3 


т” 


bf. 
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Problem-solving and reasoning 


31 Negative indices 173 


6—7(У2), 8 


Simplify the following, using index laws. Express answers with positive indices. 


1 
X 


2Х(8552) 


W 


3 s x KW b Ne N 
3 y 
Solution Explanation 
4,3 25 5 
a a ух 5 B Use law 1 to add indices of x and y in numerator: 
2222 ES For x:4+(-2)=4-2=2 
= FOES 
E Express with positive indices; i.e. x ? = —. 
_ 2-5,8-4 3 
=X y 
= х73уй M 
X 2. Lx r 
X 
2,-14-2 -4 2 
20 = ) ыг == Remove the brackets by applying index laws 3 and 4 to 
У У distribute the power to each pronumeral: х 
Sib апау X 9 
= za Apply index law 2 to subtract the powers with a base 
у of у. 
Express with positive indices: 4x ^y ? = 4 x a X Е 
X 
Now you try 


Simplify the following, using index laws. Express answers with positive indices. 


“уки 
а 202 
Xy 


6 Simplify the following, expressing answers using positive indices. 


afb? x аг253 
a'b 
xy! x х72у75 


C 
x4 у% 


р ОСЕ 
7 
X 


x3 x x?y7! 
x3 
ab 2 xa 3b 
afb 


7 Simplify, using index laws, and express with positive indices. 


a (x ^y 
d Qy?y 
a(x ty? 
4x! 
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527 


Hint: Index laws 1 and 2 apply to ab 


negative indices also. 
охуу?) =з 


Hint: Remove brackets using index laws, 


then use a” = L to express with a 
a 


positive index. 
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ЕЭ 8 The mass of a small insect is 376 kg. How many grams is this, correct to two decimal places? 


Cà 


4 5 Hint: Express each one with a E 
а 27 b 5? с 33 d 2-3 positive index first. 
e -3х272 f 6G x65 g zs h 8x Q2 


The power of —1 


-1 
10 Consider the number Н . Using a positive index this becomes 4- -1- - =1x < = t 
E 
a Complete similar working to simplify the following. 
-1 -1 -1 -1 
А 5 Зо 1 sodX А а 
і 8) ii 1) Ш [5 v [р 


b What conclusion сап you соте їо regarding the simplification of fractions raised їо the power 
of —1? 
c Simplify these fractions. 
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3J Scientific notation 


To know that scientific notation is a way of representing very large and very small numbers 
To know the form of numbers written in scientific notation 

To be able to express numbers using scientific notation and as a basic numeral 

To be able to use and interpret scientific notation on a calculator 

To know how significant figures are counted 

To be able to round to a number of significant figures 


Key vocabulary: scientific notation, significant figures 


Scientific notation is useful when working with very large or very 

small numbers. Combined with the use of significant figures, numbers 
can be written down with an appropriate degree of accuracy and 
without the need to write all the zeroes that define the position of the 
decimal point. The approximate distance between Earth and the Sun is 
150 million kilometres or 1.5 x 108 km, when written in scientific 
notation. Negative indices can be used for very small numbers, 

such as 0.0000382 g = 3.82 x 10? g. 


o Lesson starter: Amazing facts large and small 
Think of an object, place or living thing that is associated with a very large or small number. 


* Give three examples of very large numbers. 
* Give three examples of very small numbers. 
e Can you remember how to write these numbers using scientific notation? List the rules you remember. 


8 Scientific notation is a way to express very large and very small numbers. 


8 Anumber written using scientific notation is of the form a x 10", where 1 < а < 10 ог-10 «as -1 
and m is an integer. 


8 To write numbers using scientific notation, place the decimal point after the first non-zero digit 
and then multiply by the power of 10 that corresponds to how many places the decimal point 
is moved. 
* Large numbers will use positive powers of 10. 
For example, 24 800000 = 2.48 х 107 


9 020 000000 = 9.02 x 10? 
* Small numbers will use negative powers of 10. 
For example, 0.00307 = 3.07 x 1077 


0.000001 2 = 1.2 x 1076 


8 Significant figures are counted from left to right, starting at the first non-zero digit. Rounding 

occurs by considering the digit following the last significant digit; 5 or more round up, less than 

5 round down. For example: 

* 47086 120 is written 6000 using five significant figures. 

e 2.03684 is written / using four significant figures. 

e 0.00143 is written 0.0014 using two significant figures. 

• 0.0014021 is written 0.00140 using three significant figures. 
Zeroes at the end of a number are counted for decimals (see 0.00140 above) but not whole 
numbers (see 47 086 000 above). 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


8 When using scientific notation, the first significant figure sits to the left of the decimal point. 
For example: 
° 20190000 is written 2.02 x 107 using three significant figures. 


8 The|EE|or|Exp keys on calculators can be used to enter numbers that use scientific notation: 
2.3Е-4 means 2.3 x 10 ^. 


Exercise 3J 


Understanding 1-3 


1 State yes (Y) or no (N) as to whether the following numbers are written in scientific notation form. 
a 127x10? b 152x107? c 0.8x10? d -4.1 x 1073 


2 State whether these numbers would have positive or negative indices when written in 
scientific notation. 


а 7800 b 0.0024 с 27000 d 0.0009 

3 Write the number 4.8721, using the following numbers of Hint: Start counting significant E 
significant figures. digits from the 4. 
a three b four c two 


Fluency 


Example 32 Converting from scientific notation to a basic numeral 


Write these numbers as a basic numeral. 


a 5.016 x 10° Bb 32x 1087 
Solution Explanation 
a 5.016 x 10° = 501 600 Move the decimal point 5 places to the right, 


inserting zeroes after the last digit. 5.01600 


b 3.2x 1077 = 0.00000032 Move the decimal point 7 places to the left due 
to the —7, and insert zeroes where necessary. 


Now you try 
Write these numbers as a basic numeral. 
3275-0102 b 12x10? 


4 Write these numbers as a basic numeral. 


а 3.12x 103 b 5.4293 x 104 с 7.105 x 10? . 

4 8.213 x 10° e 5.95x 104 f 8.002x10° . EN 7 
4 6 . 8 Hint: For a positive index, move the G 

g 1.012x10 h 9.99х 10 i 2.105 x 10° gecimal point right (number gets bigger). 

Я -3 -2 —4 For a negative index, move the decimal 

J pie K 2. юэ шон ян point left (number gets smaller). 

m 7.83 x n 92х 0 2.65х 

p 1.002 x 1074 д 6.235х 1076 r 98x10 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Example 33 Writing numbers using scientific notation 


Write these numbers in scientific notation. 


a 5700000 b 0.0000006 
Solution Explanation 
a 5700000 =5.7 x 106 Place the decimal point after the first non-zero digit (5) and then 


multiply by 10°, as the decimal point has been moved 
6 places to the left. 


b 0.0000006'= 6 x 10-7 6 is the first non-zero digit. Multiply by 1077 since the decimal 


point has been moved 7 places to the right. 


Now you try 
Write these numbers in scientific notation. 


a 320000 b 0.0002 
5 Write these numbers in scientific notation. e 
a 43000 b 712000 c 901200 Hint: For scientific notation, place the 4 
decimal point after the first non-zero 
d 10010 e 23900 f 703 000000 digit and multiply by the power of 10. 
g 0.00078 h 0.00101 i 0.00003 
j 0.03004 k 0.112 | 0.00192 


Example 34 Converting to scientific notation using significant figures 


Write these numbers in scientific notation using three significant figures. 


a 5218300 b 0.0042031 

Solution Explanation 

a 5218 300 = 5.22 x 10° Put the decimal point after 5 and multiply by 10°: 
5.218300 


The digit following the third digit (8) is at least 5, so 
round the 1 up to 2. 


b 0.0042031 = 4.20 x 10? Put the decimal point after 4 and multiply by 1073: 
010042031 
Round down in this case, since the digit following the 
third digit (3) is less than 5, but retain the zero to show 
the value of the third significant figure. 


Now you try 
Write these numbers in scientific notation using three significant figures. 
A) 53) 21 b 0.0003625 
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3J 


Problem-solving and reasoning 6-8 


6 Write these numbers in scientific notation using three significant figures. 


a 
С 


е 


9 


0 


Ч 


6241 b 572644 
30248 d 423578 
10089 f 34971863 
72477 һ 356088 “Hint: For three significant figures, count | 

from the first non-zero digit. Look at the 
110 438 523 j 0.002423 digit after the third digit to determine 

_ whether you should round up or down. 

0.018754 | 0.000125 = | 
0.0078663 п 0.0007082 
0.11396 р 0.000006403 
0.00007892 r 0.000129983 


7 Write the following numerical facts using scientific notation. 


The area of Australia is about 7 700 000 km?. 


a | | 

b The number of stones used to build the Pyramid of Khufu is Hint: Large numbers have a positive — © 2) 
about 2 500 000. index. Small numbers have a negative 

с The greatest distance of Pluto from the Sun is about шин d 
7 400 000 000 km. 

d Ahuman hair is about 0.01 cm wide. 

e The mass of a neutron is about 0.000000000000000000000000001 675 kg. 

f The mass of a bacteria cell is about 0.00000000000095 g. 
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8 Explain why 38 х 107 is not written using scientific notation and then convert it to 
scientific notation. 


ES 9 Use a calculator to evaluate the following, giving the 
answers in scientific notation using three significant figures. 
-7 -4 = 
81253) Эм" b (5.04) 5 Hint: Locate the | х 107 | or | EE | or 
с (2.83 x 10°) d 5.1 + (8 x 10°) Exp | button on your calculator. 
e 93x10? x 8.6 x 105 f (3.27 х 104) + (9 x 1075) 
g 3.23 х 10-6 h л(3.3х 107) 


m 10 The speed of light is approximately 3 x 10? km/s and the average distance 


light from the Sun to reach Pluto? Answer correct to the nearest minute. 


between Pluto and the Sun is about 5.9 x 10? km. How long does it take for 2 
2 
ub. р Hint: Time = distance 
(Divide by 60 to convert seconds to minutes.) тшше 


* 


Н 11 Е = те” is a formula derived by Albert Einstein (1879-1955). The formula relates the energy (Е joules) 
of an object to its mass (m kg), where с is the speed of light (approximately 3 x 108 m/s). 


Use E = mc? to answer these questions using scientific notation. 
а Find the energy, in joules, contained inside an object with these given masses. 
і 10kg ii 26000kg 
iii 0.03 kg іу 0.00001 kg 
b Find the mass, in kilograms, of an object that contains the given amounts of energy. Give your 
answer using 3 significant figures. 
i 1x102J ii 3.8 x 1016 
iii 8.72 x 10^ J iv 1.7x 102 J 


c The mass of Earth is about 6 x 10?^ kg. How much energy does this convert to? 
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180 Chapter 3 Algebra and indices 


3K Exponential growth and decay * 


To understand the concept of exponential growth and decay 

To know the rule that models exponential growth and decay 

To be able to form a rule for exponential growth or decay 

To be able to apply an exponential rule including compound interest 

Key vocabulary: exponential growth, exponential decay, compound interest, principal 


Exponential change occurs when a quantity is continually affected by a constant multiplying factor. The 

change in quantity is not the same amount each time. 

If you have a continual percentage increase, it is called exponential growth. If you have a continual percentage 

decrease, it is called exponential decay. 

Some examples include: 

* compound interest at a rate of 596 per year, where the interest is calculated as 5% of the investment 
value each year, including the previous year’s interest 

* aradioactive element has a 'half-life' of 5 years, which means the element decays at a rate of 5096 every 
5 years. 


Q Lesson starter: A compound rute 


Imagine that you have an investment valued at $100 000 and you hope that it will return 10% p.a. 
(per annum). 
The 1096 return is to be added to the investment balance each year. 


* Discuss how to calculate the investment balance in the first year. 
Discuss how to calculate the investment balance in the second year. 
Complete this table. 


Year 0 1 2 3 
Balance ($) | 100000 | 100000 x 1.1 = 100000 x 1.1 x 


Recall how indices can be used to calculate the balance after the second year. 
Discuss how indices can be used to calculate the balance after the 10th year. 
e What might be the rule connecting the investment balance ($A) and the time, n years? 
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8 Exponential growth and decay is a repeated increase or decrease of a quantity by a constant 
n 


Ex 


percentage over time. It can be modelled by the rule А = Ao|1 + 100 


A is the amount. 

Ag is the initial amount (the subscript zero represents time zero). 

r is the percentage rate of increase or decrease. 

n is time; i.e. how many times the percentage increase/decrease is applied. 


ale 
100° 
e For example, for a population increasing at 2% per year, Р = Ро(1.02)". 


8 Fora growth rate of r% p.a., use 1+ 


r 
100° 
e Fora population decreasing at 3% per year, Р = Po(0.97)". 


8 For a decay rate of r% p.a., use 1 — 


8 Compound interest involves adding any interest earned to the balance at the end of each year or 
other period. The rule for the investment amount 
n 
($A) is given by: A = " “лт, f 
e P isthe initial amount or principal. 
e ris the interest rate expressed as a percentage. 
e nis the time. 


Exercise 3K 


Understanding 


1 An investment of $1000 is increasing at 5% per year. 


а Find the value of the investment at the end of the first year. 
b Copy and complete the rule for the value of the investment ($V) after n years. 


V = 1000(1 + y! =1000x п 
с Use your rule to calculate the value of the investment after 4 years, correct to two decimal places. 


Н 2 The mass of a 5 kg limestone rock exposed to the weather | на 


is decreasing at а rate of 2% per annum. Hint: For decrease in part b, use 1 — үг. 


а Find the mass of the rock at the end of the first year. 
b Copy and complete the rule for the mass of the rock (M kg) after n years. 
M-5ü- y-5x n 
€ Use your rule to calculate the mass of the rock after 5 years, correct to two decimal places. 


3 Decide whether the following represent exponential growth or exponential decay. 


a A-1000 x 1.3" b 4= 200 х 1.78" с А= 350 х 0.9" 
_ n - EX 2481-2251 
d Р=50000х 0.85 е Pamiro] f T= т 169) 
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182 Chapter 3 Algebra and indices 


P Fluency ни | | 


Example 35 Writing exponential rules 


Form exponential rules for the following situations. 


a Paloma invests her $100 000 in savings at a rate of 14% per annum. 
b A city’s initial population of 50000 is decreasing by 12% per year. 


Solution Explanation 
a Let А =the amount of money at Define your variables. 
с п 
any time The basic formula is A = Ao|1 + ial | 
п = the number of years the 
money is invested 
r=14 
Ао = 100 000 (initial amount) 
п 
A = 100000[1+ Ta Substitute г = 14 and А0 = 100 000 and use ‘+’ 
since we have growth. — -0.14. 
л A= 100 000(1.14)" 
b Let P=the population at any time Define your variables. " 
п = the number of years the The basic formula is P — nj + тт ' 
population decreases 
Ро = 50000 (starting population) 
е Ш) 
п 
Р-50 0001 = п | Substitute r = 12 and Po = 50000 and use 
227 цэн 
^. P = 50000(0.88)" since we have decay. 100 = 0.12 апа 


] = 0.12 = 0.88. 


Now you try 


Form exponential rules for the following situations. 
a Atown population of 3000 is increasing by 296 per year. 
b A car purchased for $36 000 is losing value at 6% per year. 


4 Define variables and form exponential rules for the 


following situations. 9 
а $200 000 is invested at 17% per annum. й : р 
22 цэр Hint: Th tial rule is of the f 3 
b A house initially valued at $530 000 is losing value at НӨ тээ rures otne orm. a 
5% per annum. E | єт) 
c The value of a car, bought for $14 200, is decreasing at Ae the amount 


3% rannum Ag is the initial amount 
P PET a e ris the percentage 


1596 per year. e nis the time 
e A tank with 1200 litres of water is leaking at a rate of Use + for growth and — for decay. 


10% of the water in the tank every hour. 
f Acellof area 0.01 cm? doubles its size every minute. 
g An oil spill, initially covering an area of 2 square metres, is increasing at 5% per minute. 
h Asubstance of mass 30 g is decaying at a rate of 896 per hour. 
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Example 36 Applying exponential rules 


House prices are rising at 9% per year and Zoes flat is currently valued at $600 000. 
а Determine a rule for the value of Zoe’s flat ($V) in n years’ time. 
b What will be the value of her flat: 
i next year? ii in 3 years’ time? 
с Use trial and error to find when Zoe's flat will be valued at $900 000, to one decimal place. 


Solution Explanation 
а Let V = value of Zoe's flat at any time Define your variables. 
Vo = starting value $600 000 Pos in 
п = number of years from now 100 
r=9 Use ' since we have 
V = Vo(1.09)" growth. 
-. V = 600000(1.09)" 
b i Whenz - I, V =600000(1.09)! Substitute n = 1 for next 
= 654000 year. 
Zoe's flat would be valued at $654 000 next year. 
ii When n 23, V = 600000(1.09)? For 3 years, substitute 
= 777017.40 n-3. 
In 3 years’ time Zoe's flat will be valued at about 
$777 017. 
ш ГД 4 5 4.6 48 47 Try a value of n in the rule. 
V | 846949 | 923174 | 891894 | 907399 | 899613 If V is too low, increase 
your n value; if V is too 
7ое% flat will be valued at $900 000 in about 4.7 years' time. high, decrease your n 
value. Continue this 
process until you get close 
to 900 000. 
Now you try 


An investment is increasing at 496 per year and is currently valued at $20 000. 
a Determine a rule for the value of the investment ($V) in n years' time. 


b What will be the value of the investment 
i next year? il іп 5 years’ time? 
с Use trial and error to find when the investment will be valued at $25 000, to one decimal place. 


Ed 5 The value of a house purchased for $500 000 is expected to grow by 10% per year. Let $4 be the value 
of the house after n years. 

a Copy апа complete the rule connecting A and n. A = 500000x 7 

b Use your rule to find the expected value of the house after the 
following number of years. Round your answers to the nearest 
cent. z 
i 3 years ii 10 years iii 20 years Hint: An increase of 10% is 1 .. 

с Use trial and error to estimate when the house will be worth $1 million. 
Round your answer to one decimal place. 
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ES 6 Ashare portfolio initially worth $300 000 is reduced by 1596 p.a. 


Е over a number of years. Let $4 be the share portfolio value 


after n years. 


a Copy and complete the rule connecting A and n. 


А= x 0.85" 


b Use your rule to find the value of the shares after the following number of years. 
Round your answers to the nearest cent. 


і 2 years 


il 7 years ili 12 years 


с Use trial and error to estimate when the share portfolio will be valued at $180 000. 
Round your answer to one decimal place. 


Hint: A decrease of 15% is 1 — == 


E 7 A water tank containing 15 000 L has a small hole that reduces the amount of water by 6% per hour. 
a Determine a rule for the volume of water (V litres) left after n hours. 


b Calculate (to the nearest litre) the amount of water left in the tank after: 


і 3hours 


il 7 hours 


c How much water is left after 2 days? Round your answer to two decimal places. 
4 Using trial and error, determine when the tank holds less than 500 L of water, to one 


decimal place. 


Problem-solving and reasoning 8,9 


Н 8 A certain type of bacteria grows according to the equation N = 3000(2.6)", 
where М is the number of cells present after л hours. 
a How many bacteria are there at the start? 


and à? = 1. 


b Determine the number of cells (round to the whole number) present after: 


і 0 hours 


ii 2 hours iii 4.6 hours 


Hint: ‘At the start’ is n = 0 


i 


c If 5000000 bacteria are needed to make a drop of serum, determine by trial and error how long you 
will have to wait to make a drop (to the nearest minute). 
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J 9 


g” 


A car tyre has 10 mm of tread when new. It is considered 
unroadworthy when there is only 3 mm left. The rubber wears 
at 12.5% every 10000 km. Hint: Use D = pfi Ec where is 
a е с the depth of tread (D) for every шы of kM and Dy is та! га 
b Ifa tyre lasts 80000 km (n = 8) before becoming unroadworthy, шунал ши 
it is considered to be a 'good' tyre. Is this a good tyre? 
с Using trial and error, determine when the tyre becomes unroadworthy (D = 3), to the nearest 
10 000 km. 


A cup of coffee has an initial temperature of 90°С. Hint: The rule is of the form: 92 
a If the temperature reduces by 8% every minute, determine a rule for T= n ol 
the temperature of the coffee (T) after n minutes. 
b What is the temperature of the coffee (to one decimal place) after: 
i 2 minutes? ii 90 seconds? 
с Using trial and error, when is the coffee suitable to drink if it is best consumed at a 
temperature of 68.8°C? Give your answer to the nearest second. 


* Timeperiods ин 


gi 


В 


Interest оп investments can be calculated using different time periods. Consider $1000 invested at 
10% p.a. over 5 years. 
e |f interest is compounded annually, then r = 10 and л = 5, so A = 1000(1.1)°. 


60 
e |f interest is compounded monthly, then r = 19 and n = 5 х 12 = 60, so А = 1000/1 + 00) 
a lf interest is calculated annually, find the value of the investment, to the nearest cent, after: 


i 5S years il 8 years ili 15 years 

b If interest is calculated monthly, find the value of the investment, to the nearest cent, 
after: 
i 5 years il 8 years ili 15 years 


You are given $2000 and you invest it in an account that offers 796 p.a. compound interest. What will 
the investment be worth, to the nearest cent, after 5 years if interest is compounded: 
a annually? b monthly? c weekly? (Assume 52 weeks in the year.) 
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186 Chapter 3 Algebra and indices 


Maths@Work: Electrical trades 


Electricians must be able to work in teams and 
also independently. They need to be good at 
calculating with decimals, as well as using 
scientific notation. Understanding and working 
with electrical charges is one example where this 
is important. 


When evaluating academic readiness for 
apprenticeship training in the construction 
trades, which include electricians, plumbers and 
air conditioning mechanics, scientific notation is 
seen as important and appears in different areas 
of their courses. 


Complete these questions, which an apprentice electrician may face during their training. 


1 The electrical charge (Q) of an object is determined by the number of electrons it has in excess to the 
number of protons it has. 
The unit for measuring electrical charge is the coulomb (C). One coulomb (1C) is approximately 6.24 
quintillion electrons (e). 


1 C = 6240000 000 000 000 000 e 


a Convert the following electrical charges, in coulombs, to the number of electrons for each. Use 
scientific notation using three significant figures. 


i LC i 2€ iii 3C 
iv 250 C у ic vi 12C 


b The charge on one electron in coulombs is (1 + 6 240 000 000 000 000 000) C. Write down the value 
of the charge of one electron in scientific notation, using two significant figures. 

c Amperes (or amps) are a measure of how much electrical charge in coulombs per second is being 
transmitted. We call this flow of charge electrical current. This means that an electrical current of 
1 A (ampere) has 1 coulomb of charge per second, which is exactly 6.24150975 x 1015 electrons per 
second flowing through a point in the wire at any given time. 
Calculate the exact number of electrons per second (e/s) flowing through a wire if the current is: 


| 2A ii 10A iii 20A 
iV БА v 5A 


2 When working with metal it is important to know how it behaves under increases in temperature. For 

each degree Celsius increase in temperature of hard steel, it has a linear expansion by a factor 
of 0.0000132. 
Write the following scientific notation answers, using four significant figures. B 
a Express the value 0.0000132 in scientific notation. 
b Ifa section of hard steel measuring 12 mm thick Hint: Use 12 x (1 +.0.0000132)2, 

is Subject to a 2°C increase in temperature, what is then substract 12 to find the increase. 

its increase in length, in mm? 
€ Give one example to illustrate the importance of this information when working with steel. 
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Using technology 


7*3 3 Using an Excel spreadsheet, set up a conversion table between 
s electrical charges measured in coulombs and in electrons, 


Essential Mathematics for the Australian Curriculum 


as shown below. 


03 - h 


Conversion table between charge (О) in coulombs (С) and electrons (е 


=(1.60217646 *(10^-19])*C3 


B 


Maths@Work: Electrical trades 


Hint: The formula for cell 


187 


D3: = (1.60217646 х 10719) х C3. 


Excel uses capital E to represent а 


power of 10. 


Charge Q (in Charge Q (in 

Charge Q (in number of number of Charge Q (in 

2 coulombs, C)| electrons, e) electrons, e) coulombs, C) 
31 6.24150975E+18 11 

4 10 10 
5 100 100 
6 1000 1000 
7 10000 10000 
8 100000 100000 
9 1000000 1000000 


Use your spreadsheet to find the answers to the following questions and write them in scientific 
notation to nine significant figures. 

i State the charge of 100 C as the number of electrons. 
ii State the charge in coulombs of 1 million electrons. 
iii What is the increase in the number of electrons between charges of 1000 C and 1 000000 C? 


Using an Excel spreadsheet, set up a conversion table between electrical current in amperes (A), time 
in seconds and charge in units of C and e, as shown below. 
Note: Charge in coulombs = amperes x time in seconds 


Formulas using amperes will need $ signs since 422 is a fixed cell. 


| А B (o D type $A$22. 
Conversion table between amperes, time and electrical charge 
20 measured in coulombs and numbers of electrons 
| Charge О (in 
Electrical Charge Q (in number of 
21 current (A) Time (5) coulombs, C) electrons, e) 
EM оз i | 
23 30 
24 60 
25 90 
26 120 
27 150 1 
28 1180 


Hint: When referring to cell А22, 


Use your spreadsheet to find the answers to the following questions and write them in scientific 
notation, to nine significant figures where possible. 
а Ifa current of 0.50 A flows through a circuit for 90 seconds, how much charge will have passed into 


the circuit: 


i in coulombs? 
b Ifa current of 1.5 A flows through a circuit for 150 seconds, how much charge will have passed into 


the circuit: 


i in coulombs? 
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ii in number of electrons? 


ii in number of electrons? 


ISBN 978-1-108-87886-9 € Greenwood et al. 2021 
Photocopying is restricted under law and this material must not be transferred to another party. 


Cambridge University Press 


Updated June 2023 


E Luxury car investment 


In this task you will apply the algebraic rules that model exponential growth and decay to predict possible 
future values for some very different cars. 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Modelling 


Preliminary task 


a Given the interest rate is per year, define the meaning 
of each pronumeral used in the rules that model 


n 
exponential growth: A = Ao( 1 +0) апа аесау: 


100 
р n 


b Suppose that, 30 years ago, your grandfather bought 
a vintage 1938 Jaguar for $50 000. If its value has 
increased at 8% p.a., apply the exponential growth 
rule to determine the value of this car today, to the 
nearest $1000. 

€ A farmer buys a new 4-door ute for $50 000. If its value decays (i.e. decreases) at 8% p.a., 
apply the exponential decay rule to predict the value of this car in 30 years' time, to the 
nearest $1000. 


Modelling task 


E Harriet and Finlay have different priorities when it comes to their luxury cars. At about the same 
time, Harriet purchases a vintage 1958 Mercedes Benz for $40 000 and Finlay purchases a brand-new 
Jaguar Sport automatic for $99 000. 

e Harriet Mercedes Benz grows (i.e. increases) in value at 6% per year. 
* Finlay's Jaguar decays (i.e. decreases) in value at 896 per year. 


The problem is to find the time that it takes for Finlay's and Harriet's cars to have the same value for 
the given rates of growth and decay. 

a Write down all the relevant information that will help solve this problem. 

b Explain why Harriet's vintage саг might grow in value and Finlay's brand-new car might decrease 


in value. 
Es c i Statea rule for the value of the Mercedes Benz after n years. 
ii Calculate the value of the Mercedes Benz after 10 years. 
d i State a rule for the value of the Jaguar after n years. 


ii Calculate the value of the Jaguar after 10 years. 
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e Set up the following table їп an Excel spreadsheet, enter formulas in the shaded cells and extend 
the table to 12 years. Format currency values to whole numbers. 


Use $ signs to anchor a cell, e.g. $C$3 keeps a fixed reference to C3. 
Use ^ to raise to a power. 


A B С 
Years of Value of 


Value of 
ownership | Mercedes 
Jaguar 

1 n Benz 
2 0 | 540,000 | 599,000 
3 1 
4 2 
5 You will need to extend this table. 


f Insert a graph in the excel spreadsheet. Select the whole table, including the headings, then select 
Insert/Scatter/5mooth Lines and Markers. Give the chart a title and label the axes. 
g Using the graph, estimate the number of years n, after which Harriet's and Finlay's cars have the 


same value. 
n A d 5 Evaluat 
h Using the algebraic rules for exponential growth and decay calculate the value of Harriet's car pes 
and Finlay's car for the value of n found in part g above. verity 


i Using the algebraic rules, explore whether a different value of n gives a better estimate of the 
number of years it takes for Harriet's and Finlay's cars to have equal value. 


Communicate 


j Summarise your findings on a document. Copy the table and graph and write a conclusion about 
when the cars are expected to have equal value. 


Extension task 


Refine the prediction using technology 


a Refine your Excel table near the year the car values become equal and increase time by months 
instead of years, i.e. increase each cell value by 1/12 of a year (e.g. = C18 + 1/12). 

b Create a new graph. Select the whole table, including the headings, then select Insert/Scatter/ 
Smooth Lines and Markers. To format a graph axis in months, enter the major unit as 0.08333 
(i.e. 1/12 as a decimal). 

c Using the graph, estimate the number of years and months after which Harriet's and Finlay's car 
have the same value. 
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190 Chapter 3 Algebra and indices 


1 In this magic square, each row and column adds to a sum that is an algebraic expression. 
Complete the square to find the sum. 


4x? 
250 


36-32 


Write 3" ^! x 3"~! x 3771 as a single power of 3. 


You are offered a choice of two prizes: 

* Onemillion dollars right now, or 

* You can receive 1 cent on the first day of a 30-day month, double your money every day for 
30 days and receive the total amount on the 30th day. 

Which prize offers the most money? 


7, 
Ф 
= 
С 
O 
© 
c 
© 
7, 
Ф 
N 
N 
5 
а. 


Оза 
Simplify Ds without the use of a calculator. 
Write (((2.)2)3)* as a single power of 2. 
How many zeroes are there in 100109 in expanded form? 


abe bs ect Il 
CMT EE 


Simplify 5+ 


Write a rule for the number of counters in the nth term of the pattern below. Use this 
to find the number of counters in the 15th term. 


eo 
Жж ОЭ 
гдг. 


Term 1 Term 2 Тегш 3 


Expanding 
a(b+ c) =ab+ac 
a(b- c) = ab — ac 


e.g. 2(4x+ 3) = 8х+6 
3х(2х— y) = —6x? + 3xy 


Adding/subtracting 
algebraic fractions 
Find the lowest common 
denominator and combine. 


e.g. 32 LCD is 6. 


Index form a” 
ais the base. 
mis the index/power/exponent. 
Index form Expanded form 
58 = 5x5x5x5 
е.0. Зхахфхахахіђ = Заз}? 


Scientific notation 


Used for very large and small numbers 
in the form ах 107, where 1 x a< 10 
or -10« as -1. 

3 870 000 — 3.87 х 108 

0.00021 — 2.1 х 104 


Significant Figures 


These are counted from left to right 
from the first non-zero digit 


e.g. 213270 is 2.13 x 105 in 

scientific notation to 3 significant figures. 
0.000429 1 is 4.3 x 10-^ in scientific 
notation to 2 significant figures 
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Simplifying expressions 
Add/subtract like terms only. Like 
terms have the same pronumeral 
factors. 

e.g. 3x and 7x, 2xy and 4ух, 

not 2x and x? or 3y and 4ху. 

For example, 

3X + 2y— x- 7у= 3x— x - 2у + Ty 
-2Х-9у 


Algebra 


Factorising 
This is the opposite of expanding 
Factorised form Expanded form 


2Х-4) = 2х+ 8 
Look for highest common 
factor of terms. 
e.g. Зай + ба HCF is 3a. 
= 3a(b+ 2) 
—2X? — 6х HCF is —2x. 
=—2Х(Х+ 3) 


Negative indices 
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Chapter summary 


Multiply/Divide 
34х20-3х2хах 


4 terms 
3 is the constant term. 
7 is the coefficient of x. 
—4 is the coefficient of y. 


Multiplying/dividing 
algebraic fractions 

Multiply: Cancel common factors 
in factorised form and then multiply. 
e4. 3(x4-4) » 8x 

2 xa 

= 12% 

Divide: Multiply by the reciprocal of 
the fraction following the ~ sign. 


Reciprocal of а is b 


Exponential growth and decay 
For a repeated percentage 
increase or decrease, the rule 
can be 
А-А, ( + x where 
Ais the initial amount 
ris 9o rate 
nis the amount of time. 

Use ‘+’ for growth 
and ‘—’ for decay. 


Index laws 

Law 1:a" x a? = а"+" 
Law 2:47--а!- ат- п 
Law 3:(a7)?- amxn 
Law 4:(ab)" = a" x p" 

m 
Law 5:(2)" = 25 
Zero power: а0= 1 when а= 0. 
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192 Chapter 3 Algebra and indices 


Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


1 I can identify the parts of an algebraic expression. 
e.g. For the expression 4a + 35 — 7, state the: 


a number of terms b constant term с coefficient of b 


2 I can form an algebraic expression. 
e.g. Write an algebraic expression for: 


a 3 more than 2 lots of a b the product of x and y, divided by 2 


3 1сап evaluate an algebraic expression using substitution. 
e.g. If x = 2, y = 5 and z = —3, evaluate: 


a xy+2z р y? -xz 


4 I can identify like terms. 
e.g. Write down the like terms in the following list: ax, 7b, бх,-37,-2ха 


| can collect like terms. 
e.g. Simplify: 
a 5b+4b-2 b 4xy+3x- 5xy+3x 


6 I can multiply and divide algebraic terms. 
e.g. Simplify: 
a Зах Sab b 9xy + (18x) 


7 I can expand expressions with brackets. 
e.g. Expand the following. 


а 43х-2) 1) —29(55* — 79) 


8 I can simplify expressions by removing brackets. 
e.g. Expand and simplify 3(2x + 5) — 2(x + 2). 


9 I can determine the HCF. 
e.g. Determine the HCF of the following. 


a бхапа 24x b 8ab and 20b? 


л 


en 10 lI can factorise expressions with common factors. 
e.g. Factorise the following. 


a 84-12 р 6x?- 10ху с —4ab — 18a (including common negative) 


B 11 I can simplify algebraic fractions. 


e.g. Simplify this fraction by factorising first: Ax — 12 


3652 


B 12 I can multiply algebraic fractions. 


mnl ; «aoc 2s. Ose 
e.g. Simplify this product: Ase Ж aec 
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и 


Y 


13 I can divide algebraic fractions. 


2 
e.g. Simplify 1 2 105. 


14 I can add and subtract simple algebraic fractions. 


e.g. Simplify E ^i 


15 I can add and subtract with binomial numerators. 


e.g. Simplify 12-32. 


16 I can write in index form. 
e.g. Write the following in index form. 


ам 38728 0 3x T 1) 363€ SK OF $6 рр 


17 1сап use index law 1. 
e.g. Simplify the following using the first index law. 


а уху? b 3a°b х 54257 


18 1сап use index law 2. 


e.g. Simplify the following using the second index law. 
5 
a Ame b-5x ху) 
20 


19 I can combine index laws 1 and 2. 
ELSE Dy aay 
e.g. Simpli sea SE Seay 
0 plify 9,3 


20 I сап use the zero power. 
e.g. Evaluate using the zero power: 5° + a”. 


21 I can use index law З. 
e.g. Simplify using the third index law: 4(x7)>. 


22 I can use index laws 4 and 5. 
e.g. Simplify, using index laws. 

ЙГ 

а 2m} b E 


23 1 сап combine index laws. 
e.g. Simplify: 
(mn) 


22-00 Gay – (445) 


24 1 сап express negative indices in positive index form. 
e.g. Rewrite the following with positive indices only. 


a зу? һ -- 
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Chapter 3 Algebra and indices 


25 


| can use index laws with negative indices. 


соз 
e.g. Simplify, expressing with positive indices: о, 
а 


HM |26 


| сап convert from scientific notation to a basic numeral. 
e.g. Write these numbers as a basic numeral. 


a 3.02 = 10" b 7.21 x 10> 


27 


c 


| can write numbers using scientific notation. 
e.g. Write these numbers in scientific notation. 


a 64000 b 0.000035 


HM |28 


| can write in scientific notation rounding to significant figures. 
e.g. Write these numbers in scientific notation using three significant figures. 


a 472815 b 0.0053821 


29 


| can form exponential rules. 
e.g. Write a rule for this statement: A substance of mass 450 0 is decaying at a rate of 14% per day. 


30 


| can apply exponential rules. 

e.g. A share portfolio valued at $80 000 is expected to grow by 696 per year. Determine a rule for the 
value of the portfolio ($V) in n years’ time then use this to find the value in 4 years’ time. Use trial and 
error to find when the portfolio will be valued at $115 000, correct to one decimal place. 
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Short-answer questions 


3A 1 Consider the expression 3xy — 3b - 4x? + 5. 
a How many terms are in the expression? 
b Whatis the constant term? 
c State the coefficient of: 
i x il b 


14еёчэ 


3A 2 Write an algebraic expression for the following. 
a 3more than y 
b 5less than the product of x and y 
c thesum of a and b is divided by 4 


34 З Evaluate the following if x 23, y = 5 and z = -2. 


(D 
m 
= 
Ф 
= 
Ф 
= 


a 3х-у b xyz с y?-5z 
3B 4 Simplify the following expressions. 
a 4х-5-3х b 4a-5b+9a+3b с 3xy- xy? - 2xy - Ay?x 
= 8ab 
d 3mx4n е -2xy x 7x f Da 
зс 5 Expand the following and collect like terms where necessary. 
a 5(2х-4) b -2(3x- 4y) с 3x(2x+5y) 
4 3+4(a+3) e 3(y+3)+2( +2) f 5(2t+3)-2(t+2) 
3D 6 Factorise the following expressions. 
a 16х-40 b 10х2у + 35x? 
с 4x? - 10x d -2ху-18х (include the common negative) 


3F 7 Simplify the following algebraic fractions involving addition and subtraction. 


2x | 4x 3 a x+4,x-3 
Ж 7G 9? 379 цаг хав 
3E 8 Simplify these algebraic fractions by first cancelling common factors in factorised form. 
Sr 9 x2. 16x 12x - 4 Хээ 3063) 
Ж 98-12” 10х ШД “эээ EM" цагг нэх 
3G 9 Simplify the following, using index laws 1 and 2. 
a 3x5 x 4y? b 4хуб x 2532 a2 "Тал 
X X X X — 
ди pi Gab? 
3H 10 Simplify the following, using the third, fourth and fifth index laws. 
x2 4у2 3 
a (py b (292 с (5) d E 
7 2 
3H 11 Simplify the following, using the zero power. 
а 7 b 4x? с 540-(2у) 4 (х2+4у)0 
3 12 Express the following, using positive indices. 
ax зу? 4 
a 4x? b 3,452 с LI а — 
3 m? 
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Chapter 3 Algebra and indices 


3l 


13 Simplify the following, using index laws. Express all answers with positive indices. 


3x2y4 x 5xy! (5х2у)2 x 4ху? 
12x3y5 8(xy)? 
2x"y^x 5ху? 4х?у? 
x7y4 8(x2)-3y8 


14 Write these numbers as a basic numeral. 
a 4.25 х 10° b 3.7x 107 c 241x102 4 7.25х 1077 


15 Convert these numbers to scientific notation, using three significant figures. 
a 123574 b 39452178 с 0.0000090241 d 0.00045986 


16 Form an exponential equation for the following. 
а The population of a colony of kangaroos, which starts at 20 and is increasing at a rate 
of 10%. 
b The amount of petrol in a petrol tank fuelling a generator if it starts with 100 000 litres 
and uses 15% of its fuel every hour. 


Multiple-choice questions 


34 1 The coefficient of x in 3xy – 4x +7 is: 
A 4 B 7 0-4 р 3 E -1 
3B 2 The simplified form of 7ab + 2b — 5аЬ+Ь is: 
А 2ab «2p? B 245-35 C 545 D 2ab+b E 12ab+3b 
3¢ 3З The expanded form of 2x(3x — 5) is: 
А 6x2-5 В бх- 10 С 6x?- 10x D 5x? - 10x E -4х 
3D 4 The fully factorised form of 8xy — 24y is: 
A 4у(2х- бу) В 8(ху- 3y) С 8у(х— 24) D 8y(x - 3) E 8x(y- 24) 
3€ 5 The simplified form of 2C D 5, 15. js. 
5x х+1 
| „5 в 6 c39x*D рб Е x 
х+1 X x х-1 
3F 6 Thesum of the algebraic fractions Ae is: 
x x x Их 9х 
Ж ns 8 6 024 D 54 E 
38 7 3х/ух2х?у? is equal to: 
A 5x5? B 6x5? С 6x54 D 5x8y4 E 6x5? 
зн 8  (2x?y? can be written as: 
A 2x? B 2x! С 6x" D 8x? E 8х7 
зн 9 5х0 – (2x)? is equal to: 
A 4 B 0 C 3 D 2 E -1 
31 10 12a* + (4a’) simplifies to: 
8 3 
A За? B 8a С 3al! D -, Е = 
а а 
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3J 11 417000 converted to scientific notation is: 


А 417x107 B 417x10? С 4.17х 105 С) 
D 0.417 x 108 E 417 x10? эр 
зк 12 A rule for the amount of money, A, in an account after n years, if $1200 is invested at 4% Q) 
Xr per year, is: © 
A A=1200(4)" B 4= 1200(1.4)" C A=1200(0.96)" - 
D A=1200(1.04)" Е A= 1200(0.04)" 


Extended-response questions 


1 A room in a house has the shape and dimensions, in metres, shown. All lines 
meet at 90°. 5x3 1 


(D 
m 
= 
Ф 
= 
(D 
= 


a Find the perimeter of the room, in factorised form. 


; : 3 
b If x = 3, what is the room's perimeter? * 


The floor of the room is to be recarpeted. 
с Give the area of the floor in terms of x and in expanded form. 
d If the carpet costs $20 per square metre and x = 3, what is the cost of laying the carpet? 


Ж 2 During the growing season, a certain type of water Шу soreads by 9% рег week. The water Шу covers 
an area of 2m at the start of the growing season. 


a Write a rule for the area, A m7, covered by the water lily after n weeks. 


b Calculate the area covered, correct to four decimal places, after: 
i 2 weeks 
ii 5 weeks 


с Use trial and error to determine, to one decimal place, when there will be a coverage of 50 m?. 
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Probability 


Essential mathematics: why understanding probability 
important p X 


Probability indicates the likely occurrence or risk of a particular event. Awareness of risk helps 
people to make informed decisions. Being able to analyse data and interpret probabilities are 
important skills and essential for success in many businesses. 

Vast amounts of data can be hard to make sense of, so techniques are used to discover the 
various proportions (i.e. probabilities) within results. For example, Venn diagrams and two-way 
tables can show the numbers of people: 


* aged under 30 and who watch sport or comedy or both 
* aged under 25 who have car accidents from drink driving or speeding or both 


* who buy utes or are trade workers or both 


e who smoke or die from cancer or both. 


Using probabilities, informed management decisions can be made about a range of things: 
TV scheduling; money spent on advertising; shops selecting what stock to buy; and insurance 
premiums based on age, accident probabilities and even whether the person is a smoker. 
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In this chapter 


4A Review of probability 
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4D Conditional probability Jr 
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experiments 
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200 Chapter 4 Probability 


1 А letter is selected from the word PROBABILITY. 
a How many letters are there in total? 
b Find the chance (i.e. probability) of selecting: 
i the letter К ii the letter B iii а vowel 
iv not a vowel v aToranl vi neither a B noraP 


A spinning wheel has eight equal sectors numbered 1 to 8. On one spin of the 
wheel, find the following probabilities. 


a Pr(5) b Pr(even) 2022 
DY 


c Pr(not even) d Pr(multiple of 3) 
e Pr(factor of 12) f Pr(odd or a factor of 12) 
g Pr(both odd and a factor of 12) 


-up quiz 


Arrange from lowest to highest: l 0.4, 1 in 5, 3996, ч Ї 0) m 0.62, 71%. 
This Venn diagram shows the number of people in a group of 25 who 
own cats and/or dogs. 
a State the number of people who own: 

i adog ii a cator a dog (including both) 

iii only a cat 


Warm 


If a person is selected at random from this group, find the probability that they 
will own: 
i acat ii асаалаа dog iii only a dog 


Drew shoots from the free-throw line on a basketball court. After 80 shots he counts 35 
successful throws. 

a Estimate the probability, in simplified form, that his next throw will be successful. 

b Estimate the probability, in simplified form, that his next throw will not be successful. 


Two 4-sided dice are rolled and the sum of the two numbers Roll 1 
obtained is noted. Copy and complete this grid to help answer 213 
the following. 
a What is the total number of outcomes? 
b Find the probability that the total sum is: 

1227 

ii 4 

iii less than 5 

iv less than or equal to 5 

v atmost 6 

vi no more than 3 


Two coins are tossed. Copy and complete this tree Toss1 Тоѕ5 2 Outcome 
diagram to help answer the following. н (HH) 
a State the total number of outcomes. H m 


b Find the probability of obtaining: 
i 2 heads 


ii по heads T a 


ili 1 tail 

iv atleast 1 tail 

V Llofeach, a head and a tail 
vi at most 2 heads 
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4A Review of probability 


To understand the idea of chance and how to describe it numerically 

To know that the level of chance is based on a numerical value 

To be able to find the probability of an event for equally likely outcomes 

To be able to calculate an experimental probability 

Key vocabulary: theoretical probability, experimental probability, trial, sample space, outcome, event, chance, long 
run proportion 


Probability is an area of mathematics concerned with 
the likelihood of particular random events. In some 
situations, such as rolling a die, we can determine 
theoretical probabilities because we know the total 
number of outcomes and the number of favourable 
outcomes. In other cases we can use statistics and 
experimental results to describe the chance that an 
event will occur. The chance that a particular soccer 
team will win its next match, for example, could be 
estimated using various results from previous games. 


o Lesson starter: Name the event 


For each number below, describe an event that has that exact or approximate probability. 
If you think it is exact, give a reason. 


1 99 

5 25% 0.2 0.00001 100 
Key ideas 

8 Definitions: 


e Probability is the likelihood of an event happening. 

e Atrial is a single undertaking of an experiment, such as a single roll of a die. 

e The sample space is the list of outcomes from an experiment, such as {1, 2, 3,4, 5,6} from 
rolling a 6-sided die. 

e An outcome is a possible result of an experiment, such as a 6 on the roll of a die. 

e An event is the list of favourable outcomes, such as a 5 or 6 from the roll of a die. 

* Equally likely outcomes are possible results that have the same chance of occurring. 


8 In the study of probability, a numerical value based on a scale from 0 to 1 is used to describe 
levels of chance - the likelihood of an event happening. 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 


L 1 
impossible unlikely even likely certain 
chance 


8 A probability can be written as a decimal, fraction or percentage; 


e.g. 0.125, tor 12.5%. 
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202 Chapter 4 Probability 


8 The theoretical probability of an event in which outcomes are equally likely is calculated 
as follows: 


Pr(Event) = Dumber of favourable outcomes 
total number of outcomes 


8 Experimental probability is calculated in the same way as theoretical probability but 
uses the results of an experiment. 


. number of favourable outcomes 
Pr(Event) = total number of trials 


* The long run proportion is the experimental probability for a sufficiently large number 
of trials. 


Exercise 4A 


Understanding ^ ЯН 


1 Complete the following by filling in the blanks. 
a Alist of all the possible outcomes from an experiment is called the 


b The numerical values used to describe levels of chance are between and 
c An event with a probability of 0.8 would be described as to occur. 
d Obtaining a tail from the toss of a coin is called an of the experiment. 


2 Order these events (A-D) from least likely to most likely. 
A The chance that it will rain every day for the next 10 days. 
B The chance that a member of class is ill on the next school day. 
C The chance that school is cancelled next year. 
D The chance that the Sun comes up tomorrow. 


3 For the following spinners, find the probability that the outcome Hint: Since each section is equal, 


i 3 number of 4s 
will be a 4. ми ~ total number of sections 


b с 
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Example 1 Calculating simple theoretical probabilities 


A letter is chosen randomly from the word TELEVISION. 


a How many letters are there in the word TELEVISION? 
b Find the probability that the letter is: 


i aV ii an E 
ili not an E iv anEoraV 
Solution Explanation 
a 10 The sample space includes 10 letters. 
b i шиг —___number of Vs 
ж iof 11 Ло) total number of letters 
T 201 
li РЕ) = 10 There are 2 Es in the word TELEVISION. 
= ic 0.2) Simplify the fraction. 
ili Pr(not an Е) = 5 If there аге 2 Es in the word TELEVISION with 10 letters, 
then there must be 8 letters that are not E. 
244, 
-$6 0.8) 
iv Pr(an E or a V) = ae 0.3) The number of letters that are either E or V is 3. 
Now you try 


A letter is chosen randomly from the word DINNER. 
a How many letters are there in the word DINNER? 
b Find the probability that the letter is: 
i aD ii anN 
iii not an № iv aDoranN 


4 A letter is chosen randomly from the word TEACHER. 
a How many letters are there in the word TEACHER? 
b Find the probability that the letter is: 


i anR 
ii anE 
iii not an E 


iv anRoran E 


5 A letter is chosen randomly from the word EXPERIMENT. Find the probability that | 
he letter is: Hint: The vowels are 
нь | A, E, 1, O and U. 
a апЕ 
р a vowel 
c nota vowel 
d ап X or a vowel 
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ЕЭ Example 2 Calculating simple experimental probabilities 


An experiment involves tossing three coins and 


Number of heads 


0 


1 


2 


3 


counting the number of heads. Here are the Frequency i læ x% [1% 
results after running the experiment 100 times. 
a How many times did 2 heads occur? 
b How many times did fewer than 2 heads occur? 
c Find the experimental probability of obtaining: 
i 0 heads ii 2 heads 
iii fewer than 2 heads iv atleast 1 head 
Solution Explanation 
a 36 From the table, you can see that 2 heads has a frequency 
of 36. 
b 11+40 = 51 Fewer than 2 means obtaining 0 heads or 1 head. 
: 11 number of times 0 heads is observed 
с — - 
1. 100 1 total number of trials 
= (0.11 
2 36 _ number of times 2 heads is observed 
i| Рг heads) = тос о total number of trials 
= 0.36 
ili Pr(fewer than 2 heads) Fewer than 2 heads means to observe 0 or 1 head. 
211440 
100 
= ӘП = 
= 100 0.51 
iv Pr(at least 1 head) At least 1 head means that 1, 2 or 3 heads can be 
_ 40 +36 +13 л 
100 
zV -= 
E05 0.89 
Now you try 
a An experiment involves spinning the spinner shown 3 times and counting the 
number of 2s. Here are the results after running the experiment 100 times. 17772 
Number of 25 0 1 2 3 j 
Frequency 15 34 42 9 3 
b How many times did one 2 occur? 
с How many times did more than one 2 occur? 
d Find the experimental probability of obtaining: 
П no2s ii three 25 


iii fewer than two 25 


Essential Mathematics for the Australian Curriculum 


ISBN 978-1-108-87886-9 


iv atleast one 2 


€ Greenwood et al. 2021 


Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. 


Updated June 2023 


6 An experiment involves tossing three coins and counting the number 
of heads. Here are the results after running the experiment 100 times. 
Hint: The total number of outcomes | 


Number of heads 0 1 2 3 is 100. 
Frequency 9 38 43 10 


a How many times did 2 heads occur? 
b How many times did fewer than 2 heads occur? 
c Find the experimental probability of obtaining: 
i 0 heads ii 2 heads 
iii fewer than 2 heads iv atleast 1 head 


7 An experiment involves rolling two dice and counting the number of 6s. Here are the results after 
running the experiment 100 times. 


Number of 6s 0 1 
Frequency 62 35 3 
Find the experimental probability of obtaining: 
a по 6s b two 6s 
c fewer than two 6s 4 atleast one 6 


Problem-solving and reasoning 


8 A 10-sided die, numbered 1 to 10, is rolled 


once. Find these probabilities. Hint: Prime numbers less than 10 are 


2,3, 5 and 7. 
a Pr(8) b Pr(odd) 
c Pr(even) d Pr(less than 6) 
e Pr(prime) f Pr(30r8) 
g Pr(8,90r 10) 
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4А э 
ЕЭ 9 Amelia is a prizewinner in a competition and will be randomly Hint: Remember that the total number a 
awarded a single prize chosen from a collection of 50 prizes. of prizes is 50. 
The type and number of prizes to be handed out are listed below. 
Prize Car Holiday iPad Blu-ray player 
Number 1 4 15 30 


Find the probability that Amelia will be awarded the following. 
a асаг 

b an iPad 

с a prize that is not a car 


10 Many of the 50 cars inspected at an assembly plant contain 
faults. The results of the inspection are as follows. 


Number of faults 0 1 2 3 4 
Number of cars 30 12 4 3 1 


Find the experimental probability that a car selected from 
the assembly plant will have: 


a 1 fault b 4 faults 
c fewer than 2 faults d lor more faults 
e Зог4 faults f atleast 2 faults 
11 A bag contains red and yellow counters. A counter is drawn from the bag and then нң 
replaced. This happens 100 times and 41 of the counters drawn were red. Al were red. 


100 
a How many counters drawn were yellow? 


b If there were 10 counters in the bag, how many do you expect were red? Give a reason. 
с If there were 20 counters in the bag, how many do you expect were red? Give a reason. 


Ж Cards probability 


12 Acard is chosen from a standard deck of 52 playing cards that аж уе 

includes 4 aces, 4 kings, 4 queens and 4 jacks. Find the following Hint There are 4 suits in a deck of cards: ы 
к hearts, diamonds, spades and clubs. 
probabilities. 
a Pr(heart) b Pr(king) 
c Pr(king of hearts) d Pr(heart or club) 
e Pr(king or jack) f Pr(heart or king) 
g Pr(nota king) h Pr(neither a heart nor a king) 
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4B Venn diagrams 


To understand how a Venn diagram is used to show the distribution of the sample space among events 

To know the notation and regions of a Venn diagram that represent the union, intersection and complement 
To be able to use a Venn diagram to display the distribution of two sets 

To be able to use a Venn diagram to calculate probabilities of events 

Key vocabulary: Venn diagram, union, intersection, complement, mutually exclusive 


Sometimes we need to work with situations where there are overlapping events. A TV station, for 
example, might be collecting statistics regarding whether or not a person watches cricket and/or tennis or 
neither over a certain period of time. The estimated probability that a person will watch cricket or tennis 
will therefore depend on how many people responded yes to watching both cricket and tennis. Venn 
diagrams are a useful tool when dealing with such events. 


© Lesson starter: How many like both? 


Of 20 students in a class, 12 people like to play tennis and 15 people like to watch tennis. Two people like 

neither playing nor watching tennis. Some like both playing and watching tennis. 

e Isit possible to represent this information in a Venn diagram? 

* How many students like to play and watch tennis? 

* How many students like to watch tennis only? 

* From the group of 20 students, what would be the probability 
of selecting a person that likes watching tennis only? 


Play Watch 


Key ideas 
8 AVenn diagram illustrates how all elements in the sample space are distributed among 
the events. 
e All elements that belong e All elements that belong to 
to both A and B make up either events A or B make up 
the intersection: A A В. the union: A U B. 
AOB AUB 
A B A B 
e Two sets A and B are e For an event A, the complement 
mutually exclusive if of A is A’ (or ‘not A’). 
they have no elements Pr(A’) = 1 — Pr(A) 
in common. 
A B A 


OO ө 


e ‘A only’ is defined as all the elements in A but not in any other set. 


A B 


C0) 
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Exercise 4B 


Understanding 


1-3 


1 Match the words in the left column with the description in the right column for two sets. 


a union 
b intersection 
c complement 


d mutually exclusive 


2 Decide whether the events A and B are mutually exclusive. 


a А-11,3,5,7) 
B = {5,8,11,14} 


b A={-3,-2,...,4} 
В-1-11,-10,...,-4) 


с А = {prime numbers} 
В = {even numbers} 


A no elements in both sets 
B elements not in the set 
C elements in both sets 


D elements in either set 


3 Copy these Venn diagrams and shade the region described by each of the following. 


a A 


25 


с AU B (i.e. A or B) 


e 


e A'(notA) 


58 
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b AAB (і.е. A and B) 


e 


d Bonly 


e 


f neither A nor B 


25 
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4B Venn diagrams 


Example 3 Listing sets 


Consider the given events A and B that involve numbers taken from the first 10 positive integers. 


А = {1,2, 3,4, 5, 6} B={1,3,7,8} 


a Represent the two events A and В in a Venn diagram. 
b List the following sets. 
i AAB (i.e. Aand B) ii A uU B (i.e. A or B) 
с Ifa number from the first 10 positive integers is randomly selected, find the probability that the 
following events occur. 
i A ii ANB ii AUB 
d Are the events A and B mutuallv exclusive? Whv or whv not? 
Solution Explanation 
a A B The elements 1 and 3 are common to both sets A and 
B. The elements 9 and 10 belong to neither 
set A nor set B. 
10 
9 
i AAB=T 3} A A В is the intersection of sets A and B. 
п диде, 2, 3,4,5,6, i, at А U B contains elements in either A or B. 
€ р pia)» $.-3 There are 6 numbers in A. 
105 
ii РКА (е В) = E -i A A B contains 2 numbers. 
iii Pr(A U B) = 8.4 A U B contains 8 numbers. 
i 5 
d The sets A and B аге not mutually The set А A B contains at least 1 number. 
exclusive since there are numbers 
inside A A B. 
Now you try 


Consider the given events A and B that involve numbers taken from the first 10 positive integers. 


А = {2,4,6,8,10}) 8-12,3,5,7| 


209 


а Represent the two events A and В in a Venn diagram. 
b List the following sets. 
i AAB (іе. А and B) ii AWB (i.e. A or B) 
с Ifa number from the first 10 positive integers is randomly selected, find the probability that the 
following events occur. 
i A li AnB ii AUB 
d Are the events A and B mutually exclusive? Why or why not? 
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Chapter 4 Probability 


ЕЭ 4 Consider the given events A апа В, which involve numbers 


taken from the first 10 positive integers. 
А = {1,2,4, 5,7,8, 10} В = 2,3,5, 6,8,9} 
Represent events А апа В іп a Venn diagram. 
List the following sets. 
i AQB ii AUB 
c lf anumber from the first 10 positive integers is randomly 


c o 


selected, find the probability that the following events occur. 


i A ii ANB iii AUB 


d Are the events A and B mutually exclusive? Why or why not? 


Hint: сэ B means A and B. AU B =] 


means A or B. 


A 


B 


C0) 


The elements of the events A and B described below are numbers taken from the first 10 


prime numbers. 
A= {2, 5,7,11, 13} B = {2,3, 13, 17, 19, 23, 29} 
a Represent events A and B in a Venn diagram. 


b List the elements belonging to the following. 
i AandB ii Aor B 


с lf a number from the first 10 prime numbers is selected, find the probability that these 


events occur. 


i A ii B iii ANB 


iv AUB 


Example 4 Using Venn diagrams 


From a class of 30 students, 12 enjoy cricket (C), 14 enjoy netball (А) and 6 enjoy both cricket 
and netball. 

a Illustrate this information in a Venn diagram. 
b State the number of students who enjoy: 


i netball only ii 


neither cricket nor netball 


c Find the probability that a person chosen randomly from the class will enjoy: 


i netball ii netball only iii both cricket and netball 
Solution Explanation 
a C N First place the 6 in the intersection (i.e. 6 enjoy cricket and 
netball), then determine the other values according to the 
ар given information. 
10 The total must be 30, with 12 in the cricket circle and 14 in 
netball. 
bis Includes students in N but not in C. 
ii 10 These are the students outside both C and N. 
с i РҚА) = H 2 i 14 of the 30 students enjoy netball. 
ii, Pr(N only) = $ = is 8 of the 30 students enjoy netball but not cricket. 
- [| ' : 
iii PC А = E = = 6 students like both cricket and netball. 
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Now you try 


From a survey of 20 families, 7 enjoy camping (C), 10 enjoy beach holidays (B) and 2 enjoy both 
camping and beach holidays. 

a Illustrate this information in a Venn diagram. 

b State the number of families who enjoy: 


i | camping only ii neither camping nor beach holidays 
c Find the probability that a randomly chosen family from the survey enjoys: 
i | camping ii | camping only 


iil both camping and beach holidays 


6 From a group of 50 adults, 35 enjoy reading fiction (F), 
20 enjoy reading non-fiction (N) and 10 enjoy 
reading both fiction and non-fiction. 
a Illustrate the information in а Venn diagram. Hint: First enter the ‘10’ in the 
b State the number of people who enjoy: intersection, then balance all the other 
е regions. 
i fiction only 
ii neither fiction nor non-fiction 
c Find the probability that a person chosen randomly from the group will enjoy reading: 
i non-fiction 
ii non-fiction only 
iii both fiction and non-fiction 


7 Ata show, 45 children have the choice of riding on the Ferris wheel (Р) and/or the Big Dipper (В). 
35 of the children wish to ride on the Ferris wheel, 15 children want to ride on the Big Dipper and 
10 children want to ride on both. 

a Illustrate the information in a Venn diagram. 
b State the number of children who want to: 
i ride on the Ferris wheel only 
ii ride on neither the Ferris wheel nor the 
Big Dipper 
c Fora child chosen at random from the group, find 
the probability that they will want to ride on: 
i the Ferris wheel 
ii both the Ferris wheel and the Big Dipper 
iii the Ferris wheel or the Big Dipper 
iv not the Ferris wheel 
v neither the Ferris wheel nor the Big Dipper 


Problem-solving and reasoning 


8,9 


8 In a group of 12 chefs, all enjoy baking cakes and/or tarts. In fact, 7 enjoy baking Cakes Tarts 
cakes and 8 enjoy baking tarts. Find out how many chefs from the group enjoy 
baking both cakes and tarts. 


9 In a group of 32 car enthusiasts, all collect either vintage cars or modern sports cars. 18 collect vintage 
cars and 19 collect modern sports cars. How many from the group collect both vintage cars and 
modern sports cars? 
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4B 
ЕЭ 10 Mario and Elisa are choosing a colour to paint the interior walls of their house. They have six colours 
to choose from: white (w), cream (c), navy (0), sky blue (s), maroon (m) and violet (v). 


Mario would be happy with white or cream and Elisa would be happy with cream, navy or sky blue. 
As they can't decide, a colour is chosen at random for them. 


Let M be the event that Mario will be happy with the 
colour and let E be the event that Elisa will be happy with 
the colour. 

a Represent the events M and E in a Venn diagram. 


M E 


CQ) 


b Find the probability that the following events occur. 


i Mario will be happy with the colour choice; i.e. find Pr(M). 
ii Mario will not be happy with the colour choice. 

iii Both Mario and Elisa will be happy with the colour choice. 
iv Mario or Elisa will be happy with the colour choice. 

v Neither Mario nor Elisa will be happy with the colour choice. 


чйр Courier companies 


11 Of 15 chosen courier companies, 9 offer a local service (1), 7 offer an interstate service (S) and 6 offer 
an international service (/). Two companies offer all three services, 3 offer both local and interstate 
services, 5 offer only local services and 1 offers only an international service. 
a Draw a Venn diagram displaying the given information. 


b Find the number of chosen courier companies that offer neither local, 2 
interstate nor international services. 
c If a courier is chosen at random from the 15 initially examined, find the 
following probabilities. 5 1 
i Pr(L) ii Pr(L only) 
iii Pr(L or S) iv Pr(L and S only) 
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АС Two-way tables 


Key vocabulary: two-way table, Venn diagram 


To know that a two-way table is an alternate way of representing the information in a Venn diagram 
To understand how the rows and columns of a two-way table work 

To be able to fill out a two-way table either from a problem or from a Venn diagram 
To be able to use a two-way table to find associated probabilities 
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Like a Venn diagram, two-way tables are useful tools for the organisation of overlapping events. The totals 
at the end of each column and row help to find the unknown numbers required to solve various problems. 


© Lesson starter: Comparing Venn diagrams with two-way tables 


Here is a Venn diagram and an incomplete 


two-way table. 


e First, can you complete the two-way table? 


e Describe what each box in the two-way table means. 
e Was it possible to find all the missing numbers in the 


ар) 


А 


two-way table without referring to the Venn diagram? 


8 Two-way tables use rows and columns to describe the number of elements in different regions 


of overlapping events. Each row and column sums to the total at the end. 
Two-way table 


Venn diagram 


AnB 


A 


B 
B' 


A B 7 T i only 
QD B 4 6 10 ~<— Total for В 
3 B' 10 3 13 ~c— Total for not B 
14 9 23 -«— Total 
A only Ж 
Total Total Neither A 
forA fornotA nor B 
Exercise 4C 
Understanding 1,2 
1 Match the shaded two-way tables (A-D) with each description (8-4). 
а AAB b Bonly с А 4 AUB 
А ATÆ] B А [А 
В В 
B’ B’ 
C А lA’ р А | А 
В В 
B’ B’ 
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Chapter 4 Probability 


4C 
ЕЭ 2 Look at this two-way table. 


A A’ 
a State the number of elements in these events. B 4 3 7 
i AandB ii Aonly B 6 1 7 
iii B only iv neither A nor B 10 4 14 
ү А vi B 
vii A’ viii B’ 


b AU B (i.e. A or B) includes A ^ B, A only and B only. 
Find the total number of elements in A U B. 


Hint: A only is at the intersection of 


column A and row B’. 


3,4 


Example 5 Using two-way tables 


sit. 


The Venn diagram shows the distribution of elements in two sets, A p 
A and B. 
a Transfer the information in the Venn diagram to a two-way table. (20) е) 
b Find the number of elements for these regions. 3 
i AandB ii B only iii A only 
iv neither A nor B V A vi notB 
vii AorB 
c Find: 
i Pr(A A B) ili РЕА”) iii  Pr(A only) 
Solution Explanation 
a A A A A 
B 1 6 7 В Ас\В В only Total the row 
B’ 2 3 3 B' Aonly Neither A nor B Total the row 
3 9 12 Total the column Total the column Overall total 
bi 1 In both A and B 
ii 6 In B but not A 
iii 2 In A but not B 
iv 3 In neither A nor B 
v 3 Total of A 
vi 5 Total not in B 
vii 2+1+6=9 In A only or B only or both (3 regions) 
€ i PrANB)= 5 When calculating probabilities, you will need to divide the 
number of elements in each set by the number of elements in 
ii Pr(A’) = 5 -i the sample space, which is 12. 
Р 2 i 
iii Pr(A only) = ip 
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Now you try 
The Venn diagram shows the distribution of elements in two sets, 
A and B. 
a Transfer the information in the Venn diagram to a two-way table. 
b Find the number of elements for these regions. 
i AandB ii B only iii A only 
iv neither A nor B у А vi notB 
vii AorB 
с Find: 
i Pr(A с\ В) ii РА” iii РЦА only) 
3 The Venn diagram shows the distribution of elements in two sets, 


Problem-solving and reasoning 6-8 


A and B. 
a Transfer the information in the Venn diagram to a two-way table. 
b Find the number of elements in these regions. 
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i AandB ii Bonly iii A only iv neither A nor B 
V А vi not B vii A or B 

c Find: 
i РКА B) ii Pr(A) iii Pr(A only) 


From a total of 10 people, 5 like apples (A), 6 like bananas (B) and 4 like both 


apples and bananas. 

a Draw a Venn diagram for the 10 people. 
b Draw a two-way table for the 10 people. 
c Find the number of people who like: 


i only bananas ii apples 
iii apples and bananas iv apples or bananas 
d Find: 
i Pr(B) ii РЮА В) iti РКА only) ім Pr(B’) v Pr(AU B) 


«059 


QD 


Ca 
2 


Hint: Once you have your Venn diagram, Ф 
you can transfer to the two-way table. 


Of 12 people interviewed at a train station, 7 like staying in hotels, 8 like staying in apartments and 4 


like staying in hotels and apartments. 
a Draw а two-way table for the 12 people. 
b Find the number of people who like: 
i only hotels 
ii neither hotels nor apartments 
c Find the probability that one of the people 
interviewed likes: 
i hotels or apartments 
ii only apartments 


6 Complete the following two-way tables. 


Hint: All the rows and columns should 23 


а 7 b 7 
A A A A add up correctly. 
B 3 6 B 2 7 
B’ B’ 3 
4 11 4 
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4C 
ЕЭ 7 Ina class of 24 students, 13 like Mathematics, 9 like English and 3 like both. 


а Find the probability that a randomly selected student from the class likes both Mathematics 


and English. 
b Find the probability that a randomly selected student from the class likes neither Mathematics nor 
English. 
8 Two sets, A and B, are mutually exclusive. А ГА 
a Find Pr(A ^ В). B 6 
b Now complete this two-way table. B’ 12 
10 18 


9 Of 32 cars at a show, 18 cars have four-wheel drive, 21 are sports ғ 
cars апа 27 have four-wheel drive or are sports cars. 


a Find the probability that a randomly selected car at the show is а 


both four-wheel drive and a sports car. 


b Find the probability that a randomly selected car at the show is 
neither four-wheel drive nor a sports car. 


10 Acard is selected from a deck of 52 playing cards. 
Find the probability that the card is: 


Hint: Make sure you don’t count some bl 


a a heart or a king cards twice; e.g. the king of hearts in 
b a club or a queen шиг 
с a black card or an ace 
d 


a red card or a jack 


Ж The addition rule 


11 For some of the problems above you will have noticed the following, which is called the addition rule. 


= AUB 


Use the addition rule to find A U B in these problems. 


a Of20 people at a sports day, 12 people like archery (A), 14 like basketball (B) and 8 like both 
archery and basketball (A с\ B). How many from the group like archery or basketball? 


b Of 100 households, 84 have wide-screen TVs, 32 have high-definition TVs and 41 have both. How 


many of the households have wide-screen or high-definition TVs? 
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4D Conditional probability * 


e To understand the notion of conditional probability 

e То know the notation of conditional probability and how to calculate it 

e To be able to calculate simple conditional probabilities from a Venn diagram or two-way table 
Key vocabulary: conditional probability 


The mathematics associated with the probability that an event occurs, given 
that another event has already occurred, is called conditional probability. 
Consider, for example, a group of primary school students who own 
bicycles. Some of the bicycles have gears, some have suspension and some 
have both gears and suspension. Consider these two questions. 
e What is the probability that a randomly selected bicycle has gears? 
e What is the probability that a randomly selected bicycle has gears, given 
that it has suspension? 
The second question is conditional, in that we already know that the bicycle 
has suspension. 


o Lesson starter: Gears and suspension 


Suppose that, in a group of 18 bicycles, 9 have gears, 11 have suspension and 5 Gears Suspension 
have both gears and suspension. Discuss the solution to the following question by 
considering the points below. ар 

3 


What is the probability that a randomly selected bicycle will have gears, given 
that it has suspension? 
e First look at the information set out in a Venn diagram. 
* How many of the bicycles that have suspension also have gears? 
* Out of the 11 that have suspension, what is the probability that a bike will have gears? 
* What would be the answer to the question in reverse; i.e. what is the probability that a bicycle will 
have suspension, given that it has gears? 


Key ideas 


8 Conditional probability is the probability of an event occurring given that another event has 
already occurred. 


8 The probability of event A occurring given that event B has occurred is denoted by Pr(A | B), which 
reads 'the probability of A given B'. 


8 Pr(A given B) = number of elements in A OB 


a ЕВ for equally likely outcomes 


22 А ГА 
в ШШЩЕ 
e) 5 meu 
! 51651828 
Р(А|В) == Pr(A|B) == 


8 Pr(B given A) = number of elements in ANB 


ОАТ Б ЕЕЕ STA for equally likely outcomes 


For the diagrams above, Pr(B |A) = 7 - 7 
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Exercise 40 


. Understanding 1-3 


1 Complete the following by filling in the blanks 
a The probability of A given B is denoted by 


А . number of elements in 
БИЕ number of elements іп 


2 Consider this Venn diagram. A В 
a What fraction of the elements in A are also in B? (This finds Pr(B|A).) 
b What fraction of the elements in В are also in A? (This finds Pr(A |B).) Ü 
3 Use this two-way table to answer these questions. А ГА 


a What fraction of the elements іп A are also іп B? (This finds Pr(B|A).) FB | 7 | s | 12 
b What fraction of the elements in В are also in A? (This finds Pr(A | В).) | 


BE 3 1 4 


Example 6 Finding conditional probabilities using a Venn diagram 


Consider this Venn diagram, displaying the number of elements belonging A B 


to the events A and B. 
Find the following probabilities. 2 


a Pr(A) b Pr(A B) c Pr(A|B) d Pr(B|A) 0 
Solution Explanation 

a Pr(A) =š There are 5 elements in A and 9 in total. 

b Pr(A ^B) -$ There are 2 elements common to A and B. 

c Pr(A|B) -1-4 2 of the 6 elements in В are їп А. 

d Pr(B|A) = 2 of the 5 elements їп А are in В. 

Now you try 

Consider this Venn diagram, displaying the number of elements belonging A B 


to the events A and B. 
Find the following probabilities. 


a Pr(A) b Pr(A ^B) c Pr(A|B) d Pr(B|A) 4 
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Example 7 Finding conditional probabilities using a two-way table 


4D Conditional probability 


4 The following Venn diagrams display information about the number of elements associated with the 
events A and B. For each Venn diagram, find: 


219 


і Pr(A) ii РА г В) iii Pr(A|B) iv Pr(B|A) | 
а А В b А В Hint: 2 

e Ac В means both A and B. 

9 9 • Pr(A| B) = number in A A B 
number in B 

0 d 2 _ number in A ^ B 
QD Ч D Р(В1А)- number ПА 

3 


From a group of 15 hockey players at а game of hockey, 13 played on the field, 7 sat on the bench 
and 5 both played and sat on the bench. 

A hockey player is chosen at random from the team. 

Let A be the event ‘the person played on the field’ and B be the event ‘the person sat on 

the bench’. 

а Represent the information іп a two-way table. 

b Find the probability that the person only sat on the bench. 

c Find the probability that the person sat on the bench, given that they played on the field. 


d Find the probability that the person played on the field, given that they sat on the bench. 


Solution Explanation 
a A A A n^ B has 5 elements, A has a total of 13 and B a total 
B 5 2 7 of 7. There аге 15 players in total. 
B’ 8 0 8 
13 2 15 
b Pr(bench only) = is Two people sat on the bench and did not play on the field. 
La . number in A AB 
c РВ|А) = 13 Pr(B| A) = number in A 
e . number in A ^ B 
с 7 ne = number in B 
Now you try 


From a class of 20 students, 12 own a cat, 10 own a dog and 5 owned both a cat and a dog. 
A student is chosen at random from the class. 

Let A be the event ‘the student owns a cat’ and B be the event ‘the student owns a dog’. 

а Represent the information іп a two-way table. 

b Find the probability that the student only owns a dog. 

c Find the probability that the student owns a dog, given that they own a cat. 

d Find the probability that the student owns a cat, given that they own a dog. 
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4D 
ED 5 Ofa group of 20 English cricket fans at a match, 13 purchased a pie, 15 drank beer and 9 purchased a 


pie 
Let 
Let 


a 
b 


C 


and drank beer. 
A be the event 'the fan purchases a pie'. 


B be the event 'the fan drank beer'. 

Copy and complete this two-way table. B ANA 

Find the probability that a fan only purchased a pie (and did not drink Bi 2 

beer). 

Find the probability that a fan purchased a pie, given that they drank beer. 20 


Find the probability that a fan drank beer, given that they purchased a pie. 


6 The following two-way tables show information about the number — ӨЛ UE ORBE UR 
of elements in the events A and B. 


For 
i 
i 


the denominator of your fraction. 


each two-way table, find: 
Pr(A) il Pr(A B) 
ii Pr(A|B) iv Pr(B|A) 
ATÆ b A | 
B 2 8 |10 B 1 4 5 
B’ 5 3 8 B’ 3 4 
7 | 11 18 4 5 9 
A d А | А' 
В 7 3 | 10 B 4 2 6 
B’ 1 6 7 B’ 8 2 | 10 
8 9 | 17 12 4 | 16 


Problem-solving and reasoning 


7 Of 


15 musicians surveyed to find out whether they play the 


violin or the piano, 5 play the violin, 8 play the piano and 2 
play both instruments. 


a 
b 


Represent the information in a Venn diagram. 

How many of the musicians surveyed do not play either 
the violin or the piano? 

Find the probability that one of the 15 musicians 
surveyed plays piano, given that they play the violin. 
Find the probability that one of the 15 musicians 
surveyed plays the violin, given that they play piano. 
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8 А сага is drawn from a deck of 52 playing cards. Hint: 13 of the cards are hearts. There 


Find the probability that: are 4 kings, including one king of hearts. 


the card is a king given that it is a heart 


b the card is a jack given that it is a red card 


9 Two events, A and B, are mutually exclusive. What can be said about the probability of A given B 
(i.e. Pr(A|B)) or the probability of B given A (i.e. Pr(B|A))? Give a reason. 


OO 


* Cruise control and airbags 


10 Опа саг production line, 30 cars are due to be completed by the end of the day. Fifteen of the cars 
have cruise control and 20 have airbags, and 6 have both cruise control and airbags. 


a Represent the information provided in a Venn diagram or two-way table. 
b Find the probability that a car chosen at random will have: 
i cruise control only ії airbags only 
€ Given that the car chosen has cruise control, find the probability that the car will have airbags. 
d Given that the car chosen has airbags, find the probability that the car will have cruise control. 
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Chapter 4 Probability 


4E Using tables for two-step experiments 


e То know how to list the sample space of a two-step experiment in a table 
e To understand the difference between experiments carried out with replacement and without replacement 


e To be able to construct tables for two-step experiments with and without replacement and find 
associated probabilities 


Key vocabulary: with replacement, without replacement, two-step experiments, sample space 


Some experiments contain more than one step and are called multi-stage experiments. Examples include 
rolling a die twice, selecting a number of chocolates from a box or choosing people at random to fill 
positions on a committee. Tables can be used to list all the outcomes from two-step experiments. The 
number of outcomes depend on whether or not the experiment is conducted with or without replacement. 


o Lesson starter: Two prizes, three people 


Two special prizes are to be awarded in some way to Bill, May and Li for their efforts in helping at the 
school fete. This table shows how the prizes might be awarded. 


2nd prize 
Bill May Li 
ВШ (B, B) (B, M) (B, L) 
Ist prize May| (M,B) 
Li 


Complete the table to show how the two prizes can be awarded. 

Does the table show that the same person can be awarded both prizes? 

What is the probability that Bill and Li are both awarded a prize? 

How would the table change if the same person could not be awarded both prizes? 

How do the words ‘with replacement’ and ‘without replacement’ relate to the situation above? Discuss. 
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4E Using tables for two-step experiments 


8 A two-step experiment involves two stages of an experiment eg. tossing a coin twice. 
® Tables are used to list the sample space for two-step experiments. 


8 If replacement is allowed, then outcomes from each selection can be repeated, and such 
experiments are called with replacement. 


® If selections are made without replacement, then outcomes from each selection cannot 
be repeated. 
For example, two selections are made from the digits (1, 2, 3}. 


With replacement Without replacement 

181 181 
| í 2 3 mE 2 3 
(тат 1 х (uy 
Л! 21 01102) O 062 2nd 20110152) х (3,2) 
отог: % |@%_ @%) х 

9 outcomes 6 outcomes 

Exercise 4E 
Understanding 1-3 


1 Choose either with replacement or without replacement to complete the following. 
a Two chocolates are selected from a box and eaten. This is an example of 

b Two cards are selected from a pack one after the other and their suit recorded. Each card is 
returned to the pack after its suit is recorded. This is an example of 


2 Two letters are chosen from the word DOG. 
a Complete a table listing the sample space if selections are made: 


i with replacement ii without replacement 
Ist Ist 
D 0 G о о 6 
р (0, 0) (0, 0) р х (0, 0) 
2nd 0 2nd 0 x 
G G x 
b State the total number of outcomes if selection is made: 
i with replacement ії without replacement 


3 Two digits are selected from the set (2, 3,4} to form a two-digit number. Find the number of two-digit 
numbers that can be formed if the digits are selected: 


223 


a with replacement b without replacement 
|2 3 4 |2 3 4 
2 22 32 2 x 32 
3 3 х 
4 4 х 
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| Fluency ЯЛ |... | 


Example 8 Constructing a table with replacement 


A fair 6-sided die is rolled twice. 

a List all the outcomes, using a table. 

b State the total number of outcomes. 

c Find the probability of obtaining the outcome (1, 5). 
d 


Find: 
i Pr(double) ii Pr(sum of at least 10) ii Pr(sum not equal to 7) 
Solution Explanation 
a Roll 2 Be sure to place the number from 
1 2 3 4 5 6 roll 1 in the first position for each 
(2 ec Ce (|5) @@ outcome. 
2102.1) (Q2) (0,2) (420 (0,5) (2,0) 
oil SED (9,20 (8,9) GA (9,9) 070) 
4 | (4,1) (4,2) (4,3) (44) (4,5) (4,6 
©) |(8,1) (6,2) GS) G4) (6,5) (8,0) 
6 | (6,1) (6,2) (6,3) (6,4) (6,5) (6,6) 
b 36 outcomes There is a total of 6 x 6 = 36 
outcomes. 
i PC, se + Only one outcome is (1, 5). 
d i Pr(double) = & Six outcomes have the same number 
36 repeated. 
21 
6 
ii Pr(sum of at least 10) = 5. = 1 Six outcomes have a sum of either 10, 
x5 © 11 or 12. 
iii Pr(sum not equal to 7)=1—-® This is the complement of having a 
2 sum of 7. 
2230) Six outcomes have а sum of 7. 
36 Pr(not A) = 1 — Pr(A) 
2: 
6 


Now you try 

The spinner shown is spun twice. 

a List all the outcomes, using a table. 

b State the total number of outcomes. 

c Find the probability of obtaining the outcome (3, 2). 
d Find: 

i Pr(same 2 numbers) ii Pr(product is more than 3) iii Pr(product is not equal to 9) 
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4 A fair 4-sided die is rolled twice. x 
a List all the outcomes, using a table. Hint: Questions 4 and 5 are making i 
181 selections ‘with replacement’ because 
| 1 2 3 4 outcomes can be repeated. 
1 (1,1) (2,1) 
2nd 2 
3 
4 
b State the total number of possible outcomes. 
c Find the probability of obtaining the outcome (2, 4). 


d Find the probability of: 
і a double ii asum of at least 5 
ii a sum not equal to 4 


5 Two coins are tossed, each landing with a head (H) or tail (T). Ist 
a List all the outcomes, using a table. | H T 
b State the total number of possible outcomes. ond || НЮ CH 
c Find the probability of obtaining the outcome (H, T). T 
d Find the probability of obtaining: 
i exactly one tail ii atleast one tail 


e If the two coins are tossed 1000 times, how many times would you expect to get two tails? 


Example 9 Constructing a table without replacement 


Two letters are chosen from the word KICK, without replacement. 
a Construct a table to list the sample space. 
b Find the probability of: 


Ì — obtaining the outcome (К, C) ii selecting two letters that аге К iii selecting a K anda C 


Solution Explanation 
a Ist Selection is without replacement, so the same 
ME | @ K letter (from the same position) cannot be 
200 “от ж UN с СЮ chosen twice. 
IIKI x CI KRI 
CICO © x KRE 
KIKERI GO CGS x 
b i РКС) 202, Two of the 12 outcomes аге (К, С). 
á 12 
= 
6 
ü Pr(K, K) = Two of the outcomes are K and K, which use 
1 12 different Ks from the word KICK. 
ЕТ 
6 
4 Four outcomes contain а К and a C. 
Tt PRK aime] (C) e 
12 
21 
3 
Continued on next page 
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Now you try 


Two letters are chosen from the word TREE, without replacement. 
a Construct a table to list the sample space. 
b Find the probability of: 


obtaining the outcome (T, E) ii selecting two letters that are E iii selecting an E anda T 


6 Two letters are chosen from the word SETS, without replacement. 181 
a Complete this table to list the sample space. | 5 E T S 
b Find the probability of: 5 | x (ES (15) (6,5) 
i obtaining the outcome (E, S) 2nd E x 
ii selecting one T T x 
iii selecting two letters that are S S x 


iv selecting an S anda T 
V selecting an S oraT 


Problem-solving and reasoning тг. 


7 А letter is chosen from the word LEVEL without replacement and 
then a second letter is chosen from the same word. 


à | | replacement’. 
Draw a table displaying the sample space for the pair of 


letters chosen. 

State the total number of outcomes possible. 

State the number of outcomes that contain exactly one of the following letters. 

i V il L ili E 

Find the probability that the outcome will contain exactly one of the following letters. 
i V il L ili E 

Find the probability that the two letters chosen will be the same. 


8 In a quiz, Min guessed that the probability of rolling a sum of 10 Die 2. 


or more from 2 six-sided dice is 1096. Complete the following to 
decide whether or not this guess is correct. 


Hint: Remember that this is ‘without 


- 


Сору and complete the table representing all the 

outcomes for possible totals that can be obtained. 

State the total number of outcomes. Die 1 
Find the number of the outcomes that represent 

a sum of: 

i 3 il 7 

less than 7 


BR ùo кюе 


QN л A W N 


Find the probability that the following sums are obtained. 
i 7 

ii less than 5 

iii greater than 2 

iv atleast 11 


Find the probability that the sum is at least 10, and decide whether or not Min's guess 
is correct. 
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4E Using tables for two-step experiments 227 


9 А coin and a six-sided die are tossed. Heads on the coin is worth 2 points and a tail is worth 4 points. 
These points are added to the score on the die. Use a table to find the probability that the total 
score is: 

а 4 

b 6 

с greater than 7 
d atmost6 


10 Decide whether the following situations would naturally involve 
selections with replacement or without replacement. 
a selecting two people to play in a team 
b tossing a coin twice 
c rolling two dice 
d choosing two chocolates to eat 


Xr Random weights 


11 In a gym, Justine considers choosing two weights to fit onto a leg weights machine to make the load 
heavier. She can choose from 2.5 kg, 5 kg, 10 kg or 20 kg, and there are plenty of each weight 
available. Justine's friend randomly chooses both weights, with equal probability that she will choose 
each weight, and places them on the machine. Justine then attempts to operate the machine without 
knowing which weights were chosen. 

a Complete a table that displays all possible total weights that could be placed on the machine. 
b State the total number of outcomes. 
c How many of the outcomes deliver a total weight described by the following? 
i equal їо 10 kg 
ii less than 20 kg 
iii at least 20 kg 
d Find the probability that Justine will be attempting to lift the following weights? 
i 20kg 
ii 30 kg 
iii no more than 10 kg 
iv less than 10 kg 
e If Justine is unable to lift more than 22 kg, what is the probability that she will not be able to 
operate the leg weights machine? 
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1) 1 A letter is chosen from the word ELEPHANT. Find the probability that the letter is: 
a anE b aToranE c notanE d avowel 


Progress quiz 


Л) 2 An experiment involves rolling two dice and counting the number of even numbers. 
Here are the results after running the experiment 100 times. 


Number of even numbers 0 1 2 
Frequency Al 46 33 


a How many times did more than 1 even number occur? 
b Find the experimental probability of obtaining: 

і О even numbers 

ii fewer than 2 even numbers 

iii atleast 1 even number 


Л) З From a group of 25 students on a school camp, 18 enjoy sailing (S), 15 enjoy bushwalking 
(B) and 8 enjoy both sailing and bushwalking. 
a Illustrate this information in a Venn diagram. 
b State the number of students who enjoy: 
i sailing only 
ii neither sailing nor bushwalking 
c Find the following probabilities for a student chosen at random from the group. 


i Pr(B) ii Pr(S only) ili Pr(B rS) 
iv Pr(B’) v Pr(S|B) 
Why) 4 The Venn diagram shown shows the distribution of 20 guests staying Р B 
at a resort in Noosa. Some guests liked to swim at the hotel pool (P), 
others liked to swim at the beach (B) and others liked both. ар 
a Transfer the information to a two-way table. 3 


b Find the number of guests who like: 
i only swimming at the hotel pool 
ii swimming at either the beach or the hotel pool 


c Find: 
| Pr(P) ii Pr(B only) iii Pr(P ^ B) iv Pr(P|B) 
4E 5 A fair six-sided die is rolled and a coin is tossed. | 1 2 3 4 5 6 
a List all the outcomes, using a table. HICH) CH. 


b State the total number of outcomes. 
c Find the probability of obtaining the outcome (3, Н). 
d Find the probability of obtaining: 

i ап even number and a tail 

ii atleast a 2 and a head 


73) 6 Two counters are chosen randomly from a bag containing 2 red, 1 blue and 1 green counter, 
without replacement. 
a Construct a table to list the sample space and state the number of outcomes. 
b Find the probability of: 
i obtaining the outcome (R, G) 
ii selecting 2 red counters 
iii selecting 1 blue and 1 red counter 


4F Using tree diagrams 229 


4F Using tree diagrams 


e To know how to use a tree diagram to list the sample space from experiments with two ог more components 

e To understand the difference between the probabilities on tree diagrams for experiments with replacement and 
those without replacement 

e Tobe able to use a tree diagram to find the probability of outcomes in experiments 


Key vocabulary: tree diagram, with replacement, without replacement, sample space 


Tree diagrams can also be used to help list outcomes for multi-stage experiments. Suppose that a bag 
contains two red counters and one blue counter and that two counters are selected at random with 
replacement. One way to display the outcomes is with a tree diagram in which all equally likely outcomes 
are listed in columns, as shown below left. A more efficient way, however, is to group similar outcomes 
and write their corresponding probabilities on the branches, as shown below right. 


Choice 1 Choice 2 Outcome Probability Choice 1 Choice 2 Outcome Probability 


1 2 2,24 
R (КЮ 9 зо RR Z4 ec 
1 
R R (КЕ) 5 2 го -— 
| 3 1-8 (RB) #Хх1=$ 
B (®В) 9 3 
1 2 
к (RR 9 1 3--R (В, К) 1х2=2 
R Е (RR) 1 T 
1 1,1-1 
В (ЕВ) 5 з B (BB 3jX4-73 
К  (B,R) E Pr(R, B) = 5 
B к (Е.В) i 
B (ВВ) 5 
Pr(R, B) =2 


9 


In the tree diagram on the right, the probability of each outcome is obtained by multiplying the branch 
probabilities. This also applies when selection is made without replacement. 


© Lesson starter: Trees with and without replacement 


Suppose that two selections are made from a group of 2 male and 3 female workers to complete two 
extra tasks. 
With replacement Without replacement 
Choice 1 Choice 2 Outcome Probability Choice 1 Choice 2 Outcome Probability 


2 F (F, F) LX х РЭ Б (F, F) х Ї 
2 ( ) Х$= 55 


И нї Ж a 


м L] “< 
M 
ийи CS moo c3 
* Complete these two tree diagrams to show how these selections can be made, both with and without 
replacement. 
* Explain where the branch probabilities come from on each branch of the tree diagrams. 
e What is the total of all the probabilities on each tree diagram? 


wu 
NJ 
ON 

Ul 


LI 
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® Tree diagrams can be used to list the sample space for experiments involving two or 

more components. 

e Branch probabilities are used to describe the chance of each outcome at each step. 

e The probability of each outcome for the experiment is obtained by multiplying the 
branch probabilities. 

e Branch probabilities will depend on whether selection is made with or without replacement. 
For experiments with replacement, probabilities do not change. 
For experiments without replacement, probabilities do change. 


Exercise 4F 
Understanding 1,2 
1 A coin is tossed three times and a head or tail is obtained Toss1 Тозу2 Toss3 Outcome 


each time as shown in the tree diagram. 


a How many outcomes are there? г” Н (Н,Н,Н) 
b What is the probability of the ] QU TOT ALT) 
2 
outcome HHH? i 
с How many outcomes obtain: H r Pa H (HT, E) 
і 2 tails? 1 2 Л : T (HT, T) 
ii 2 or 3 heads? 2 
2-H (T,H,H) 
: 1 LH = 
2 wq. (1,811) 
Т 2 
1 
1 7 Н (T,T, H) 
2 
T< у TD 
2 A box contains 2 white (W) and 3 black (B) counters. 
a A single counter is drawn at random. Find the probability that e C) Q 
it is: 
i white ii black ё С) 
р Two counters are now drawn at random. The first опе is replaced 
before the second one is drawn. Find the probability that the second 
counter is: 
i white ii black - M 8 o> 4 
c Two counters are drawn and the first counter is not replaced - Жы ibi E ол, D 
before the second one is drawn. If the first counter is white, — — . EE 
find the probability that the second counter is: 
i white ii black 
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Boxes A and B contain 4 counters each. Box A contains 2 red and 2 green counters and box B 
contains 1 red and 3 green counters. A box is chosen at random and then a single counter 


is selected. 
a What is the probability of selecting a red counter from box A? Box A Box B 
b What is the probability of selecting a red counter from box B? 
c Represent the options available as a tree diagram that shows all 
possible outcomes and related probabilities. © © (к) © 
d What is the probability of selecting box B and a red counter? (R) (R) (с) (с) 
e What is the probability of selecting а red counter? 
Solution Explanation 
a Pr(red from box A) = 2 -1 2 of the 4 counters in box A are red. 
b Pr(red from box B) -1 1 of the 4 counters in box В is red. 
с Box Counter Outcome Probability First selection is a box followed by a 
il 21 (ured) ТЕ counter. 
2 : 2 2 4 Multiply each of the probabilities 
їл à 
2 i ienai along the branch pathways to find the 
z “тееп (А, green) 5Х5=4 probability of each outcome. 
1 ПЕ 
à 4 red (B, red) па 8 
5 B 
3 green (В, green) I X 3 = 5 
d Pr(B, red) = j x 1 The probability of choosing box В is 1 апа 
-i a red counter from box B is L, so multiply 
the probabilities for these two outcomes 
together. 
e РІ гед) = 1 х 177 1 х 1 The outcomes (A, red) апа (В, red) both 
2224 н 
contain 1 red counter, so add together 
= Hi the probabilities for these two outcomes. 
=> 
8 
Continued on next page 
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Now you try 


Boxes A and B contain 5 counters each. Box A contains 2 red and 3 blue counters and box B contains 
1 red and 4 blue counters. 


a Whatis the probability of selecting a red counter from box A? Box A Box B 
b Whatis the probability of selecting a red counter from box B? 
c Represent the options available as a tree diagram that shows all 


possible outcomes and related probabilities. (к) 


d What is the probability of selecting box B and а red counter? 
e What is the probability of selecting a red counter? ® 2 


3 Boxes A and B contain 4 counters each. Box A contains 1 yellow and 3 orange counters and 
box B contains 3 yellow and 1 orange counter. A box is chosen at random and then a single counter is 
selected. 


a If box A is chosen, what is the probability of selecting a yellow counter? 
b If box В is chosen, what is the probability of selecting a yellow counter? 
c Represent the options available by completing this tree diagram. 

Box Counter Outcome Probability 


yellow (А, yellow) i x 1 - 1 


А 


orange 


E 
E 


Hint: For part e, add the probabilities ын 


Ї 
2 
L|? 
е ‘a . for both outcomes that have a yellow 
d What is the probability of selecting box B and a yellow counter? counter. 


e Whatis the probability of selecting 1 yellow counter? 


Example 11 Using a tree diagram without replacement 


A bag contains 5 blue (B) and 3 white (W) marbles and two marbles are selected 
without replacement. 
a Draw a tree diagram showing all outcomes and probabilities. 
b Find the probability of selecting: 
i a blue marble followed by a white marble; i.e. the outcome (B, W) 
ii | 2blue marbles 
iii exactly one blue marble 


c If the experiment is repeated with replacement, find the answers to each question in part b. 


Solution Explanation 
a Selection! Selection 2 Outcome Probability After one blue marble is selected 
4 в (BB) 5х4=5 there are 7 marbles remaining: 4 blue 
5 B 20 i ES and 3 white. 
: 3—w (Ву) àixi- 2 After one white marble is selected 
7 there are 7 marbles remaining: 
5 32215 5 blue and 2 white. 
3 а p OD do 66 
3 W 
2 Ep = 2% 
7 W OW, УУ) gr SOR 
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b i Pr(B, М) = 3 х 3 Multiply the probabilities on the (B, W) 
pathway. 
15 
56 
ii Pr(B, В) = Эф Only 4 blue marbles remain after the first 
S 7 selection. Multiply the probabilities on the 
TN (B, B) pathway. 
14 
iii Pr(1 blue) 22x343x2 The outcomes (B, W) and (W, B) both have 
877 87 1 blue marble. Multiply probabilities to find 
-15 individual probabilities, then sum for the final 
28 result. 
27223 When selecting objects with replacement, 
ИН muB. Wess \ 
a remember that the number of marbles in the 
21: bag remains the same for each selection. 
~ 64 
2 © m 
П Pr(B, В)==х= i 
8^ 8 
B 
22 š Ww 
764 3 
iii Pr(1 blue) = 2 x ET. : TE 
W 
E < 
= 35 3 W 
Now you try 


A jar contains 4 toffees (T) and 3 mints (M) and two lollies are selected without replacement. 


a 
b 


Draw a tree diagram showing all outcomes and probabilities. 

Find the probability of selecting: 

i a toffee followed by a mint: i.e. the outcome (T, M) 

ii 2 mints 

iii exactly one toffee 

If the experiment is repeated with replacement, find the answers to each question in part b. 


4 A bag contains 4 red (R) and 2 white (W) marbles, and Selection 1 ^ Selection 2 Outcome Probability 
two marbles are selected without replacement. 3 
; ; A 5 28 (R, R) 4x3 =2 
a Complete this tree diagram, showing all 4 | 6^5 5 
outcomes and probabilities. 6 /R w 
b Find the probability of selecting: | | 
і a red marble and then a white marble (К, W) 
ii 2 red marbles | | R 
iii exactly 1 red marble Ш со 
c If the experiment is repeated with ш уу 
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5 Two students are selected from a group of 3 males (M) Selection] Selection 2. Outcome Probability 


and 4 females (F), without replacement. C 

a Complete this tree diagram to help find M 
the probability of selecting: [| м< 
і 2males Ш F 
ii 2 females 
iii 1 male and 1 female | | М 
iv 2 people either both male or both female 4 МЕ A 

b If the experiment is repeated with : 3 


replacement, find the answers to each question in part a. 


Problem-solving and reasoning 


iii less than or equal to 5 


гэ 


6 A fair 4-sided die is rolled twice and the pair of Roll 1 Roll2 | Outcome Probability 
numbers is recorded. i 4 ал) isai 
a Complete this tree diagram to list < 2 12 = OH 

the outcomes. 1 3 
State the total number of outcomes. А 4 
Find the probability of obtaining: 4 
i a4 thena 1; і.е. the outcome (4, 1) 2 < 5 
ii a double 4 
d Find the probability of obtaining a sum 1 
described by the following: 3 < 2 
i equal to 2 
ii equal to 5 1 
2 

e 

4 


7 As part of a salary package, a person can select either a Falcon шал - € 
. : Hint: Since car make selection is random, ab 
or a Commodore. There are 3 white Falcons, 1 silver Falcon, 


2 white Commodores and 1 red Commodore to choose from. 
a Complete a tree diagram showing a random selection of 
a car make, then a colour. 


Pr(Falcon) = 1. 


Саг Colour Outcome Probability 


white 
Falcon 24 


Commodore 


/\ 


b Find the probability that the person chooses: 


і a white Falcon ii ared Commodore 
ili a white car iv a car that is not white 
V a Silver car or a white car vi acar that is neither a Falcon nor red 
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8 Two bottles of wine are randomly selected for tasting from a box containing 2 red and 2 white wines. 
Use a tree diagram to help answer the following. 


a If the first bottle is replaced before the second is selected, find: R 
i Pr(2 red) R e 
ii Рг(1 red) 17 
iii Pr(not 2 white) 
iv Pr(at least 1 white) 

b If the first bottle is not replaced before the second is selected, find: R 
i Pr(2 red) < 
ii Pr(1 red) Ww 


( 
iii Pr(not 2 white) 
іу Pr(at least 1 white) 


Ж Rainy days - 


E 9 Imagine that the probability of rain next Monday is 0.2. The probability of rain on a day after a rainy 


day is 0.85, whereas the probability of rain on a day after a non-rainy day is 0.1. \ 
a Next Monday and Tuesday, find the probability Hint: Draw a tree diagram, like the 
of having: one below. | 
i 2rainy days Monday Tuesday 
ii exactly 1 rainy day 0.852 В 
iii at least 1 dry дау R 
b Next Monday, Tuesday and Wednesday, find the 0.2 е 


probability of having: 

і 3 rainy days 

ії exactly 1 dry day 0.8 
iii at most 2 rainy days 


Е. 
ге 


М 
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Chapter 4 Probability 


4G Independent events * 


e To understand the concept of independent events 


e To be able to determine if two events are independent using a Venn diagram or two-way table 


e То know how with and without replacement affects independent events 


Key vocabulary: independent events, with replacement, without replacement, conditional probability 


In previous sections we have looked at problems involving conditional probability. This 


Venn diagram, for example, gives the following results. 


Pr(A) = — and Pr(A|B) =< 


The condition B іп Pr(A | B) has changed the probability of A. The events A and B 
are therefore not independent. 


CO»), 


For multi-stage experiments we can consider events either with or without replacement. These tree 
diagrams, for example, show two selections of marbles from a bag of 2 aqua (A) and 3 blue (B) marbles. 


With replacement 


2 
5 -AlA 
2 < 
Э 
3N B|A 
5 
2 
S 5,22А|В 
5 24 
3N B|B 
5 


ANA 


ANB 


BAA 


BAB 


Without replacement 


1 
1 »А|А ANA 
a 
3 B|A AB 
BOA 


2 

4 »А|В 
24 

i B|B BOB 


In the first tree diagram Pr(A |B) = Pr(A), so the events are independent. 


In the second tree diagram Pr(A | В) + Pr(A), so the events аге not independent. 


o Lesson starter: Is it the same to be mutually exclusive and 


independent? 


Use the Venn diagram to consider the following questions. 


* Are the events mutually exclusive? Why? 
e Find Pr(A) and Pr(A |B). Does this mean that the events A and B are independent? 


aD) 


8 Two events are independent if the outcome of one event does not change the probability of 
obtaining the other event. 
• Pr(A |B) = Pr(A) or Pr(B|A) = Pr(B) 
• Pr(A ^ B) = Pr(A) x Pr(B) 


8 For multi-stage experiments where selection is made with replacement, successive events 


are independent. 


8 For multi-stage experiments where selection is made without replacement, successive events are 


not independent. 
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4G Independent events 237 


Exercise 4G 


Understanding _ и - ии 
1 State if events A and B are independent for the following probabilities. 


а Pr(A) = 0.4, Pr(AlB) = 0.6 шан 
b РҚА) = 0.7, Pr(A|B) = 0.7 


2 This Venn diagram shows the number of elements in events A and B. 
A В 


ac 


2 


a Find: й Hint: Recall: 
i Pr(B) ii Pr(B|A) Pr(B| A) = Dumber in A A B 


number in A 
b Is Pr(B|A) = Pr(B)? 
с Are the events A and B independent? 


y’ 
| 


3 Complete each sentence. 


а For multi-stage experiments, successive events are 9: 
independent if selections are made replacement. Hint: Choose from ‘with’ or ‘without’. 9 


b For multi-stage experiments, successive events are not 
independent if selections are made replacement. 


Example 12 Using Venn diagrams to consider independence 


A selection of 10 mobile phone plans includes 4 with free connection and 5 with a free second 
battery. 1 plan has both free connection and a free second battery. 

Let A be the event 'choosing a mobile phone plan with free connection'. 

Let B be the event 'choosing a mobile phone plan with a free second battery'. 

a Summarise the information about the 10 mobile phone plans in a Venn diagram. 

b Find:i Pr(A) ii Pr(A|B) 

с State whether or not the events A and В are independent. 


Solution Explanation 
a PIS Start with the 1 element that belongs to both A and B and 
ар complete according to the given information. 
2 
b i РҚА) = 4.2 4 of the 10 elements belong to A. 
10 5 

ii Pr(A|B) -i 1 of the 5 elements in B belongs to A. 
c The events A and B are not Pr(A|B) = Pr(A) 

independent. 

Continued on next page 
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Now you try 

A selection of 8 hotel deals includes 3 with a free breakfast and 4 with free parking. 2 deals have both 
a free breakfast and free parking. 

Let A be the event 'choosing a hotel deal with a free breakfast'. 

Let B be the event ‘choosing a hotel deal with free parking’. 

a Summarise the information about the 8 hotel deals in a Venn diagram. 

b Find:i Pr(A) ii Pr(A|B) 

c State whether or not the events A and B are independent. 


4 Aselection of 8 offers for computer printers includes 3 with a free printer cartridge A B 
and 4 with a free box of paper. 2 have both a free printer cartridge and a free box 
of paper. (б) 
Let A be the event ‘choosing a printer with a free printer cartridge’. 


Let B be the event ‘choosing a printer with a free box of paper’. 

a Summarise the given information about the 8 computer 
printer offers in a Venn diagram. 

b Find:i Pr(A) ii Pr(A|B) 

с State whether or not the events A and B are independent. 


Hint: If Pr(A) = Pr(A| B), then the events A 
and B are independent. 


5 A selection of 6 different baby strollers includes 3 with a free rain cover and 4 with a free sunshade. 
2 offer both a free rain cover and a free sunshade. 
Let A be the event 'choosing a stroller with a free sunshade'. 
Let B be the event 'choosing a stroller with a free rain cover'. 
a Summarise the given information about the six baby strollers in a Venn diagram. 
b Find:i Pr(A) ii Pr(A|B) 
€ State whether or not the events A and B are independent. 


Problem-solving and reasoning 6,7 


6 Events A and B are given in the Venn diagrams below. 
i Find Pr(A) and Pr(A |B). 


ii Hence, decide whether or not events A and B are independent. e 
b Hint: Remember: bf 
а = number in A A B 
| | pa | =) number in B 
15 
c A B d A B 
4 
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7 For the events A and B with details provided in the given two-way tables, find Pr(A) and Pr(A | B). 


Decide whether or not the events A and В are independent. 


a A A 
B 1 1 2 
B’ 3 3 6 
4 8 

c A A’ 
B 3 17 20 
B’ | 12 4 16 
15 21 36 


b 


A A’ 
B Ї 3 4 
В” 2 6 
3 7 10 
А A’ 
B Ї 9 
B’ 
5 45 


8 Use the diagram below to help decide if this statement is true or false: 
If two events, A and B, are mutually exclusive, then they are also independent. 


A 


B 


OW 


9 А coin is tossed 5 times. Find the probability of obtaining: 
a 5heads 
b atleast 1 tail 
c atleast 1 head 


Hint: Coin tosses are independent. From 
two coins, the probability of two heads is 


Ж Tax and investment advice 


10 Of 17 leading accountants, 15 offer advice on tax (T) and 10 offer advice on business growth (С). Eight 
of the accountants offer advice on both tax and business growth. One of the 17 accountants is chosen 


at random. 

a Use a Venn diagram or two-way table to help find: 
i Pr(7) 

b Аге the events 7 and С independent? 


iii Pr(T|G) 
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Maths@Work: Business analyst 


Businesses employ analysts to look at how 
their businesses run, and how they can run 
more efficiently. Analysts use probabilities, 
relative frequencies and graphs to look at 
data, undertake calculations and make 


recommendations. 


Being able to summarise and interpret data and 
understand likelihoods are important skills for 
analysts and business owners to have. 


Complete these questions that a business analyst may face in their day-to-day job. 


1 An online photo printing company wishes to analyse their customer orders and needs based on the 
products that are currently purchased from them. They looked at the results for a typical week over 
two areas of the business: photos and other services, such as canvases, mugs and calendars. 

The results of one week's orders are shown in the table below. 


Other services No other services Total orders 
Photos ordered 561 1179 1740 
No photos ordered 260 = 260 
Totals 821 1179 2000 


a Percentages are often used in probability. Rewrite the table 
above using percentages, where 100% equals the total orders 361 x 


for the week. 


b Show this information in a Venn diagram, using percentages. 


с Each customer ordering photos averages 30 prints (size 4 x 6). 


Photo orders 


The company charges 12 cents a print. How much is the weekly 
income generated by photos, using the week's orders 


shown above? 


d The company wishes to invest money in some advertising. 
Should this advertising be for the promotion of their photo 


printing service or should it be aimed at the other services they 


supply? Explain your answer. 


2 Consider the information of the services offered by a different 
company wishing to look into how its business operates. They offer 
three types of products: business cards, newsletter printing and 
promotional lines, which include calendars, mugs etc. This company 


does not offer separate photo printing. 


The breakdown of their business can be seen in the Venn diagram 


on the right. 
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a If 1000 customers were surveyed, how many of them purchased: 
i only one of the three product lines on offer? 
ії exactly two of the product lines? 
iii at least two of the product lines? 
iv all three product lines available? 
b Whatis the single most important product that the company offers? State the statistics for your 


selection and explain the significance to the company of this information. 
с If you were the owners or share holders in this company, ideally how would you like to see the 
Venn diagram change over time to see growth within the company? 


Using technology 


WA 3 ‘Get Set’ is an online business selling sportswear. It has been very successful over the past year and its 
quarterly sales are shown in this table. 


n | 


A B c D E F G 

1 Sportswear sales from Get Set online business 
2 Sport QUARTER 1 QUARTER2 | QUARTER3 | QUARTER4 | Totals Percentages 
3 Golf | 111 | 38 | 1м | 137 
4 Running | 278 | 312 | 320 1 287 
5 Cycling | 20 | 276 | 28 | 268 
6 Dance | 94 | 77 | 107 | 68 | 
7 бут | 169 | 1% | 195 | 284 
8 Yoga | 2 | аж | ш | эв» | 
9 Totals | | | | 1 2 
10 Percentages | 5 А 

=й Use dollar signs (e.g. $H$12) ina & 


formula that links to a fixed cell. 


a Copy the data into an Excel spreadsheet and enter 
appropriate formulas into the shaded cells to find their values. 
b Which type of sportswear is: 9 
|; ши likely to be sold? Select the sports and sales area of e 
ii least likely to be sold? the table and click on Insert and then нэ 
c Insert a column graph showing the quarterly sales for Column. 
each sport. 


d In the fourth quarter, Get Set offered special prices for one line of sportswear as part of an 
advertising drive. Which sportswear do you think was on special? Was the advertising successful? 
Give reasons for your answer. 


e Insert a column graph showing the total percentages Hold the Ctrl button while selecting the =, 
{ог each quarter of sales. titles Quarter 1 to Quarter 4 and also 

f Businesses use graphs to show comparisons between their total percentages row. 
data sets. 


What is the increase in total percentage from Quarter 1 to Quarter 4? Comment on whether your 
graph in part e exaggerates this increase and, if so, explain why. Make an adjustment on the graph 
so that it is not misleading. 
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Seeing the Northern Lights 


Wallace travels to Alaska in the hope of seeing an Aurora called the Northern lights. An Aurora is a light 
show caused by collisions between electrically charged particles. 


He takes part in a tour which ventures out for 10 nights. 


Wallace is hoping to see the lights at least 7 times. The company that operates the 10-night adventure 
can show statistically that the probability of witnessing the lights on any given night is 0.5. 


Modelling 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Preliminary task 


a Оп average how many times сап you expect Wallace to see the lights across the 10 nights? 
b Estimate with a guess the probability that Wallace will see the lights at least 7 times. 


Modelling task 


The problem is to use simulation to help estimate the probability that Wallace will see the Northern 
lights at least 7 times. 
a Use 10 coins (with heads set as YES, you see the lights and tails as NO, you don't see the lights) 
to simulate a 10-night adventure and count the number of times the lights are observed. 
b Describe how the coin is used in the simulation to produce the results. 


Formulate 
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€ Use your coins to simulate the 10-night adventure counting the number of times the lights are 
observed. 

d Repeat to generate results for a total of twenty 10-night adventures. 

e Use your results to determine the experimental probability that Wallace will see the Northern 
lights at least 7 times. 


Solve 


Evaluate 


f Try to improve your results from part e by increasing the number of times the 10-night adventure and 
is simulated. verify 


Use a table like the one shown below to record your results. 


Number of times lights are seen on 
each 10-night adventure 


Tally 
Frequency 


0 1 2 3 4 5 6 7 8 9 10 


9 Compare your estimate probability with the theoretical value of 0.172 correct to three decimal 
places. 


Communicate 


h Describe the simulation tool and how it is used to predict success. 
What conclusions can be made about the likelihood that Wallace will be happy with his 
adventure? 


Extension question 


a What other random simulation tools could be used to generate the data needed. 

b If the probability of witnessing the lights on any given night is altered to say 0.4, describe how ап 
experiment can be conducted and run your experiment to estimate the probability that Wallace 
will see the lights at least 7 times on a 10-night adventure. 
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‘| have nothing in common.’ Match the answers to the letters in parts а and b to uncover the 


7 
10 ii 


3 10 
là 10 5 1 3 


These questions relate to the Venn diagram at right. 
Т | How many elements in A A B? 


| | How many elements in A U B? 
V | How many elements in B only? 
Y 
Ё 


Епа Рг(А). S | Find Pr(A u B). 
Find Pr(A only). 

hese questions relate to the two-way table at right. 
U | What number should be in place of the letter U? 
A | What number should be in place of the letter A? 
M | Find Pr(P с\ О). C ind Prep. 
X 

| 


Find Pr(neither Р пог О). 
Find Pr(P only). 


Puzzles and games 


What is the chance of rolling a sum of at least 10 from rolling two 6-sided dice? 


Game for two people: You will need a bag or pocket and coloured counters. 
One person places 8 counters of 3 different colours in a bag or pocket. The second person 
must not look! 
The second person then selects a counter from the bag. The colour is noted, 
then the counter is returned to the bag. This is repeated 100 times. 
Complete this table. 


Colour Tally Frequency Guess 


Total: 


100 100 


e Using the experimental results, the second person now tries to guess how many 
counters of each colour are in the bag. 


Two digits are chosen without replacement from the set (1,2, 3,4} to form a two-digit number. 
Find the probability that the two-digit number is: 

a 32 b even с less than 40 4 atleast 22 

A coin is tossed 4 times. What is the probability that at least 1 tail is obtained? 

Two leadership positions are to be filled from a group of 2 girls and 3 boys. What is the 
probability that the positions will be filled by 1 girl and 1 boy? 


The letters of the word DOOR are jumbled randomly. What is the probability that the final 
arrangement will spell DOOR? 


Review Notation 
• Sample space is the list of all 


possible outcomes 
• Pr(event) = number of favourable outcomes 
total number of outcomes 


e Union AU B (Aor B) 


e Intersection A ^ B 
(Aand B) 


e Complement of A is A’ 
(not A) 


Venn diagram Two-way table e Aonly 
A’ 


B 
В” 


* Mutually exclusive 
events 
Pr(A В) = 0 


Conditional probability yy 
Pr(A1B)is read as the probability 


of A given В ЯГ 
РАІ B) = number in A^ B Probability 
number in B | Tree diagrams 
3 white 
4 black 


With replacement 
Choice 1 Choice 2 Outcome Probability 


3 
(W, W) 
(W, B) 


Алешипѕ 4o91deu5 


W 


W (BW) 


Independent events с 


© Pr(A 1 B) = Pr(A) or Pr(B | A) = Pr(B) 
© Pr(A с\ В) = Pr(4) x Pr(B) 


Tables 
With replacement Without replacement 
B C 
(B, A) (C, A) 
(C, B) 
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2 Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


CO 1 I can calculate a theoretical probability. 
e.g. A letter is chosen from the word ALLIGATOR. Find the probability that the letter is: 
a anA 
b notaG 
c anAoraT 


а | 2 1сап find an experimental probability. 
e.g. An experiment involves tossing 3 coins and counting the number of tails. The results from running 
the experiment 100 times are shown. 


Number ortas [о [т NEN 
Г 


Find the experimental probability of obtaining: 
a | tail 
b atleast 1 tail 


go 3 1сап list sets from a Venn diagram. 
e.g. Events А and B involve numbers taken from the first 10 positive integers: 
A = (1,4, 5, 7) and B= (4, 5,6, 7, 8}. 
Represent the two events in a Venn diagram and hence: 
a listthe set 4 U B 
b find the probability that a randomly selected number from the first 10 positive integers is in 4 c В 
c decide if the events are mutually exclusive 


go 4 Асап use a Venn diagram. 
e.g. From a group of 20 people in a swimming squad, 12 train for freestyle (F), 6 train for butterfly (B) 
and 3 train for both freestyle and butterfly. 
Illustrate this information in a Venn diagram and hence: 
a state the number in the squad who train for butterfly only 
b find the probability a randomly selected swimmer from the squad trains for neither freestyle nor 
butterfly 


go 5 I can use a two-way table. 
e.g. The Venn diagram shows the distribution of elements from two events А and В. 


A B 


S» 


Transfer the information into a two-way table and hence, find: 
a the number of elements in 4 and Р 

b the number of elements in neither 4 nor В 

c Pr(B’) and Pr(A only) 
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© 6 I can find conditional probability using a Venn diagram. 
e.g. The Venn diagram shows the distribution of elements belonging to two events А and В. 


A 28 


S 


Find the following probabilities: 
a Pr(A |B) 
b Pr(B|A) 


go 7 I can find a conditional probability in a word problem using a two-way table. 
e.g. From a team of 11 cricketers in a cricket match, 9 batted in the match, 6 bowled in the match 
and 4 both batted and bowled. A cricketer is chosen at random from the team. Let А be the event 
‘the cricketer batted in the match’ and В be the event ‘the cricketer bowled in the match’. 
Represent the information in a two-way table and hence, find the probability that: 
а the cricketer batted, given that they bowled 
b the cricketer bowled, given that they batted 


a 8 1сап construct a table with replacement. 
e.g. A fair 5-sided die is rolled twice. List all the outcomes using a table and find: 
a Pr(2 even numbers) 
b Pr(sum of at least 7) 
c Pr(sum not equal to 9) 


а | 9 1сап construct a table without replacement. 
e.g. Two letters are chosen from the word TENT, without replacement. Construct a table to list the 
sample space and find the probability of: 
a obtaining the outcome (T, E) 
b selecting a T and an N 


10 1I can construct a tree diagram. 
e.g. Two jars contain 4 jelly beans each. Jar А has 3 black and 1 pink jelly bean and Jar В contains 
2 black and 2 pink jelly beans. A jar is chosen at random followed by a single jelly bean. Represent 
the options available in a tree diagram that shows all outcomes and the associated probabilities. 
Find the probability of selecting: 
a jar A and a black jelly bean 
b a black jelly bean 


11 1сап use a tree diagram without replacement. 
e.g. A mixed bag of chocolates contains 2 Mars bars (M) and 4 Snickers (S). Draw a tree diagram to 
show the outcomes and probabilities of the selection of two chocolates without replacement. Find 
the probability of selecting: 
a 2 Snickers 
b exactly 1 Mars bar 


12 1сап determine if events are independent. 
e.g. A selection of 10 soccer club memberships found that 5 included a free scarf and 3 included a 
free soccer ball. One had both a free scarf and a free soccer ball. 
Let А be the event ‘soccer membership had a free scarf’ and В be the event ‘soccer membership 
had a free soccer ball’. Summarise the information іп a Venn diagram and find Pr(A|B) and Рг(В| A) 
to determine whether or not events 4 and В are independent. 
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Short-answer questions 


е 4A 1 A fair 6-sided die is rolled once. Find: 
а) a Pr(4) b Pr(even) c Pr(atleast 3) 
2 4A 2 Aletter is chosen from the word INTEREST. Find the probability that the letter will be: 
"ul a | b E c avowel 
d nota vowel e EorT 
љ 
Ф 4A 3 Anengineer inspects 20 houses іп a street for cracks. The results are summarised іп 
this table. 
О. 
(0 Number of cracks 0 1 2 3 4 
€ Frequency 8 5 4 2 1 
© а From these results, estimate the probability that the next house inspected in the street 
will have the following number of cracks. 
i 0 il 1 ili 2 iv 3 v 4 
b Estimate the probability that the next house will have: 
i atleast 1 crack 
ii no more than 2 cracks 
48/6 4 Of 36 people, 18 have an interest in cars, 11 have an interest in homewares and 6 have an 
interest in both cars and homewares. 
a Complete this Venn diagram. b Complete this two-way table. 
Cars Homewares 2 © 
Н 6 
Н 
c State the number of people from the group who do not have an interest in either cars ог 
homewares. 
d If a person is chosen at random from the group, find the probability that the person will: 
i have an interest in cars and homewares 
ii have an interest in homewares only 
iii not have any interest in cars 
4B/C 5 All 26 birds in an aviary have clipped wings and/or a tag. In total, 
18 birds have tags, 14 have clipped wings and 6 have both clipped 
wings and a tag. 
a Find the number of birds that have only clipped wings. 
b Find the probability that a bird chosen at random will have a tag 
only. 
4D 6 For these probability diagrams, find Pr(A | B). 
a A B b A A 
* mi: 
B' 2 2 
4 3 6 9 
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4E 7 Aletter is chosen at random from the word HAPPY and a 1st 
second letter is chosen from the word HEY. 
a List the sample space by completing this table. H| (H,H) (AH (RH) 
b State the total number of outcomes. 2nd E 
c Find the probability that the two letters Y 
chosen will be: 
i HthenE ii the same ili not the same 


14еёчэ 


4F 8 A fair 4-sided die is rolled twice and the total is noted. Roll 1 Roll2 Total 
a Complete this tree diagram to list the sample space. 
b Find these probabilities. 
i Pr(2) 
ii Pr(5) 
iii Pr(1) 
iv Pr(not 1) 


шә Ом 


Ф 
m 
= 
Ф 
= 
Ф 
= 


AKAMA 


AU он AL Ne AL Ne ALUNE 


4F 9 Two people are selected from a group of 2 females and 3 males, without 
replacement. Use a tree diagram to find the probability of selecting: 
a a female on the first selection 
a male on the second selection given that a female was chosen on the first selection 
2 males 
] male 
at least 1 female 


ооо Б 


40/6 10 For each diagram, find Pr(A) and Рг(А |B), then decide if events А and B are independent. 
Ж а А В b А ТА 
В 3 6 


€D = 


1 5 10 


Multiple-choice questions 
44 1 А letter is chosen from the word SUCCESS. The probability that the letter is not a C is: 


2 3 3 4 3 
4 7 ш = M 7 Р 7 E 7 
44 2 The number of manufacturing errors spotted in a car plant on 20 randomly selected days is given by 
this table. 
Number of errors 0 1 2 3 Тоїа! 
Frequency 11 6 2 1 20 
An estimate of the probability that on the next day no errors will be observed is: 
3. 2 11 17 3 
А 10 B 20 5 20 n 20 E 20 
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5 
.Ф 
2 
Ф 
i 
мы 
Ф 
= 
О. 
© 
C 
О 


4B 6 


For this Venn diagram, Pr(A U B) is equal to: A B 
4 I > 
Ни 
1 af 2 
ш 4 E 10 


15 people like apples or bananas. Of those 15 people, 10 like apples and 3 like both apples 
and bananas. How many from the group like only apples? 


A 5 B 3 C 13 D 7 E 10 

A letter is chosen from each of the words CAN and TOO. | € A N 

The probability that the pair of letters will not have an T C) WD») ND 

О E | А о 0,0) A, (N, 0) 
2 1 1 о ; A, 0 N, 0 

A 3 B 5 C 3 ( (N, 0) 
1 5 

2 ep 


The sets A and B are known to be mutually exclusive. Which of the following is therefore 
true? 


А Pr(A) = Pr(B) B РА е В) =0 С Рг(4) = 0 
D РКА В) = 1 E РА Ч В) =0 
4F 7 For this tree diagram, what is the probability of the outcome 2 B 
(B, R)? B < 
1 3. 3 2 з“ В 
А 5 В 10 С 7 2 3 
JE 6 3 
"i Ж j < B 
R 
2 УЕ 
4с 8 For this two-way table, Pr(A A В) is: А | д” 
2 1 1 В 1 | 3 
"s иг ий | 5 
1 2 4 
п 3 Е 7 
4D 9 For this Venn diagram, Pr(A |B) is: А В 
5 2 5 
минээ aD 
5 3 1 
4 ий! 
46 10 Two events are independent when: 
A Pr(A) = Pr(B) В Pr(A’)=0 С Pr(AUB)=0 
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Extended-response questions 


1 Of 15 people surveyed to find out if they run or swim for exercise, 6 said they run, Бий Swim О 
4 said they swim and 3 said they both гип and swim. 
a How many people surveyed neither run nor swim? (03 Q) 
b One ofthe 15 people is selected at random. Find the probability that they: © 
і гип or swim ii only swim юэ 


c Represent the information in a two-way table. 
Ч 4 Find the probability that: 
i а person swims, given that they run 
ii a person runs, given that they swim 


(D 
m 
= 
Ф 
= 
Ф 
= 


2 A bakery sells three types of bread: raisin (В) at $2 each, sourdough (5) Ist 
at $3 each, and white (W) at $1.50 each. Judy is in a hurry. She randomly в S W 
selects 2 loaves and quickly takes them to the counter. (Assume an R 
unlimited loaf supply.) = s 
a Complete this table, showing the possible combination of loaves that W 


Judy could have selected. 
b Find the probability that Judy selects: 
i 2 raisin loaves ii 2loaves that are the same 
iii at least 1 white loaf iv not a sourdough loaf 
Judy has only $4 in her purse. 
с How many different combinations of bread will Judy be able to afford? 
d Find the probability that Judy will not be able to afford her two chosen loaves. 
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5 ax 


тай Mathematics: why skills with statistics 
auelimpontant 


ч - 
Vast quantities of data are collected from online records and surveys. To find meaning, statistics 
such as typical measures and graphs are used to show trends and allow comparisons. 


Statistical calculations and interpretations provide essential information for decision making by 
governments, farmers, research scientists, technicians, and business and finance personnel. 


* The Australian Government uses statistics to compare the health of Indigenous and non- 
Indigenous Australians to improve policy; for example, time-series graphs of average lifespan 
versus year. 

• Farmers use digital sensors to record data which is then statistically analysed. For example, 
crop and soil moisture levels are used to automate irrigation and improve crop production. 

• Stem-and-leaf plots can be used to record fuel economies and tailpipe emissions of carbon 
dioxide for various vehicle models. 

* Medical researchers use parallel box plots that show significantly lower birth weights for babies 
with mothers who smoke compared to non-smoking mothers. Low birth weights can cause 
health problems. 


In this chapter 


5A Collecting data 

5B Frequency tables, column graphs 
and histograms (Consolidating) 

5C Dot plots and stem-and-leaf plots 
(Consolidating) 

5D Range and measures of centre 

5E Quartiles and outliers 

5F Box plots 

5G Time-series data 

5H Bivariate data and scatter plots 

5| Line of best fit by eye 


Australian Curriculum 


STATISTICS AND PROBABILITY 


Data representation and 
interpretation 


Determine quartiles and interquartile range 
(ACMSP248) 


Construct and interpret box plots and use them 
to compare data sets (ACMSP249) 


Compare shapes of box plots to corresponding 
histograms and dot plots (ACMSP250) 


Use scatter plots to investigate and comment 
on relationships between two numerical 
variables (ACMSP251) 


Investigate and describe bivariate numerical 
data where the independent variable is time 
(ACMSP252) 


Evaluate statistical reports in the media and 
other places by linking claims to displays, 
Statistics and representative data (ACMSP253) 


© Australian Curriculum, Assessment and 
Reporting Authority (ACARA) 


Online resources 


A host of additional online resources 

are included as part of your Interactive 
Textbook, including HOTmaths content, 
video demonstrations of all worked 
examples, auto-marked quizzes and much 
more. 
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1 The number of movies streamed in a month 
online by a number of people is shown in this 
graph. 

How many people streamed three movies? 
How many people were surveyed? 

How many movies were streamed during 
the survey? 

How many people streamed fewer than 


Frequency 


two movies? 1 2 3 4 


Number of movies streamed 


-up quiz 


This table shows the frequency of scores in a test. 


Score Frequency 
0- 
20> 
40- 
60- 
80-100 


Warm 


How many scores were in the 40 to less than 60 range? 

How many scores were: 

i atleast 60? ii less than 80? 

How many scores were there in total? 

What percentage of scores were in the 20 to less than 40 range? 


Calculate: 
64 10 b 849 2-4-5-9 d 3-5-8-10-14 
5 


222) шон E 4 
For each of these data sets, find: 

i the mean (i.e. average) 

ii the mode (i.e. most frequent) 

iii the median (i.e. middle value of ordered data) 

iv the range (i.e. difference between highest and lowest) 

38, 41, 41, 47, 58 

2 22 Dy A, Oy Hy 9), NO, 2 


This stem-and-leaf plot shows the weight, in grams, of some 


small calculators. 

a How many calculators are represented in the plot? 

b What is the mode (i.e. most frequent)? 

c What is the minimum calculator weight and maximum weight? 
d Find the range (i.e. maximum value — minimum value). 9 


DS 
13 | 6 means 136 grams 
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5A Collecting data 


e То understand what is required to construct a good survey 
e То know the difference between a population and a sample 
e То be able to categorise types of statistical data 


Key vocabulary: survey, statistical data, categorical data, numerical data, nominal data, ordinal data, discrete data, 
continuous data, population, sample, census 


A statistician is a person who is employed to design surveys. They also collect, analyse and interpret data. 
They assist the government, companies and other organisations to make decisions and plan for the future. 


Statisticians: 


Formulate and refine questions for a survey. 

Choose some subjects (i.e. people) to complete the survey. 

Collect the data. 

Organise and display the data using the most appropriate graphs and tables. 
Analyse the data. 

Interpret the data and draw conclusions. 


There are many reports in the media that begin with the words 'A recent study has found 
that...'. These are usually the result of a survey or investigation that a researcher has conducted 
to collect information about an important issue, such as unemployment, crime or obesity. 


o Lesson starter: Critiquing survey questions 


Here is a short survey. It is not very well constructed. 

Question 1: How old are you? 

Question 2: How much time did you spend sitting in front of the television or a computer yesterday? 
Question 3: Some people say that teenagers like you are lazy and spend too much time sitting around 
when you should be outside exercising. What do you think of that comment? 


Have a class discussion about the following. 

What will the answers to Question 1 look like? How could they be displayed? 
What will the answers to Question 2 look like? How could they be displayed? 
Is Question 2 going to give a realistic picture of your normal daily activity? 
How could Question 2 be improved? 

What will the answers to Question 3 look like? How could they be displayed? 
How could Question 3 be improved? 


8 Surveys are used to collect statistical data by asking randomly selected people questions. 
* Survey questions need to be constructed carefully so that the person knows exactly what sort 
of answer to give. They should use simple language and should not be ambiguous. 
* Survey questions should not be worded so that they deliberately try to provoke a certain kind 
of response. 
e |fthe question contains an option to be chosen from a list, the number of options should be 
an odd number, so that there is a ‘neutral’ choice. For example, the options could be: 


strongly disagree | disagree unsure agree strongly agree 
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8 A population is a group of people, animals or objects with something in common. Some 
examples of populations are: 
e all the people in Australia on Census night (a census is a set of statistics collected from the 

entire population) 

all the students in your school 

all the boys in your Maths class 

all the tigers in the wild in Sumatra 

all the cars in Sydney 

all the wheat farms in NSW 


8 Asample is a group that has been chosen from a population. Sometimes information from a 
sample is used to describe the whole population, so it is important to choose the sample carefully. 


8 Statistical data is information gathered by observation, survey or measurement. It can be 
categorised as follows. 


E. M 
Categorical E 

Nominal Ordinal Discrete Continuous 
(Categories (Categories (Data сап take (Data can take 
have no order; can be on only a limited on any value in 
e.g. colours: ordered; number of values; a given range; 
red, blue, yellow) e.g. low, e.g. number of e.g. time taken 
medium, children in to complete 

high) a family) arace) 

Understanding 1-3 


1 What are some of the considerations needed when constructing a survey? 


2 Match each word (a-f) with its definition (A-F). 


a Population A A group chosen from a population 

b Census B Atool used to collect statistical data 

c Sample C All the people or objects in question 

d Survey D Statistics collected from an entire population 

e Data E The practice of collecting and analysing data 

f Statistics Е The factual information collected from a survey or other source 


3 Match each word (a-f) with its definition (A-F). 


a Numerical A Categorical data that has no order 
b Continuous B Data that are numbers 
c Discrete C Numerical data that take on a limited number of values 
d Categorical D Data that can be divided into categories 
e Ordinal E Numerical data that take any value in a given range 
f Nominal F Categorical data that can be ordered 
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Pec EE 
Example 1 Describing types of data 


What type of data would the following survey questions generate? 


a How many televisions do you have in your home? 
b To what type of music do you most like to listen? 


Solution Explanation 

a Numerical and discrete The answer to the question is a number with a 
limited number of values; in this case, a whole 
number. 

b Categorical and nominal The answer is a type of music and these 


categories have no order. 


Now you try 
What type of data would the following survey questions generate? 


a How would you rate your hotel stay (poor, satisfactory, good, excellent)? 
b How many times in a week do you exercise? 


4 Which one of the following survey questions would generate numerical data? 
A What is your favourite colour? 
B What type of car does your family own? 
C How long does it take for you to travel to school? 
D What type of dog do you own? 


5 Which one of the following survey questions would generate categorical data? 
A How many times do you eat at your favourite fast-food place in a typical week? 
B How much money do you usually spend buying your favourite fast food? 
C How many items did you buy last time you went to your favourite fast-food place? 
D Which is your favourite fast food? 


6 Year 10 students were asked the following 
questions in a survey. Describe what 

type of data each question generates. 

a How many people under the age of 18 years 
are there in your immediate family? 

b How many letters are there in your 
first name? 

c Which company is the carrier of your mobile 
telephone calls? 
Optus/Telstra/Vodafone/Boost/Other (Please specify.) adnal 

d What is your height? 

e How would you describe your level of application 
in Maths? (Choose from very high, high, medium or low.) 


anii 


Hint: Recall the four types of data: 
Data 


categorical numerical 


nominal discrete continuous 
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E. 


Every student in Years 7 to 12 votes in the prefect elections. The election process is an example of: 
A a population 

B continuous data 

C arepresentative sample 

D acensus 


8 


10 


11 


* 


12 
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Problem-solving and reasoning 


A popular Australian 'current affairs' television show recently investigated the issue of spelling. They 
suspected that people in their twenties are not as good at spelling as people in their fifties, 

so they decided to conduct a statistical investigation. They chose a sample of 12 people aged 

50—59 years and 12 people aged 20—29 years. 

Answer the following questions on paper, then discuss in a small group or as a whole class. 

Do you think that the number of people surveyed is enough? 

Do you think it is fair and reasonable to compare the spelling ability of these two groups of people? 
How would you go about comparing the spelling ability of these two groups of people? 

Would you give the two groups the same set of words to spell? 

How could you give the younger people an unfair advantage? 

What sorts of words would you include in a spelling test for the survey? 

How and where would you choose the people to do the spelling test? 


«(27^ Фф со со) со 


The principal decides to survey Year 10 students to determine their opinion of Mathematics. In order 
to increase the chance of choosing a representative sample, the principal should: 


A Give a survey form to the first 30 Year 10 students who arrive at school. 

B Give a survey form to all the students studying the most advanced maths subject. 
C Give a survey form to five students in every Maths class. 

D Give a survey form to 2096 of the students in every class. 


Discuss some of the problems with the selection of a survey 
sample for each given topic. 
a A survey at the train station of how Australians get 
to work. 
b An email survey on people's use of computers. 
c Phoning people on the electoral roll to determine 
Australia's favourite sport. 


Choose a topic in which you are especially interested, such as football, cricket, movies, music, 
cooking, food, computer games or social media. 

Make up a survey about your topic that you could give to the other students in your class. It must 
have four questions. 

Question 1 must produce data that are categorical and ordinal. 

Question 2 must produce data that are categorical and nominal. 

Question 3 must produce data that are numerical and discrete. 

Question 4 must produce data that are numerical and continuous. 


The Australian Census 


The Australian Census is conducted by the Australian Bureau of Statistics every five years. Research 
either the 2011 or 2016 Australian Census on the website of the Australian Bureau of Statistics. Find 
out something interesting from the results of the Census. 

Write a short news report or record a 3-minute news report on your computer. 
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5B Frequency tables, column 
graphs and histograms 


e То be able to construct a frequency table from a set of data 

e То know the difference between a column graph and histogram when choosing to represent data from a 
frequency table 

e Tobe able to construct and analyse column graphs and histograms 

e То be able to describe data as symmetrical or skewed 


Key vocabulary: frequency table, column graph, histogram, symmetrical, skewed, data 


As a simple list, data can be difficult to interpret. Sorting the data into 
a frequency table allows us to make sense of it and draw conclusions 
from it. 

Statistical graphs are an essential part of the analysis and 
representation of data. By looking at statistical graphs, we can 
draw conclusions about the numbers or categories in the data set. 


© Lesson starter: Public transport analysis 


A survey was carried out to find out how many times 


people in a particular group had used public transport in 3-8 

the past month. The results are shown in this histogram. ч 6 

Discuss what the histogram tells you about this group of 5 4 

people and their use of public transport. 3 2 

You may wish to include these points: * ^0 10 20 30 40 50 60 
* How many people were surveyed? Transport use 


* |s the data symmetrical or skewed? 
e Is it possible to work out all the individual data values from this graph? 


e Do you think these people were selected from a group in your own community? Give reasons. 


8 А frequency table displays data by showing the number of values within a set of categories or 
class intervals. It may include a tally column to help count the data. 


Favourite ice-cream 

flavour Tally Frequency 
Vanilla | 2 

Chocolate 4 5 

Mint choc chip ||| 4 

Strawberry | 3 

Cookies and cream A | 6 
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8 Acolumn graph can be used for a single set of categorical or discrete data to show the frequency. 


Favourite ice-cream flavour 


6 
5 
Ex 
з 4 
8 3 
2 2 
1 
0 " 
S Ба 23 до rl 
А? c c x © 
S S es E 
? S (2) 
S сё 


Histograms can be used for grouped discrete or continuous numerical data. The frequency of 


particular class intervals is recorded. 
e The interval 10- (in the table below) includes all numbers from 10 (including 10) to less 


than 20. 


e The percentage frequency is calculated as %Frequency = шан х 100. 
Class Percentage 8 40 > 
interval | Frequency | frequency © 6 30 Š 
КУ] З 
0- 3 3 x 100 = 15% 54 20 $ 
E 10 & 
10- 5 ax 100 = 25% 0 К. 
0 10 20 30 40 
20- 8 40% S 
COre 
30-40 4 2096 
Total 20 100% 


8 Data can be symmetrical (same shape either side of the middle) or skewed (data weighted to 


the left or the right). 


Symmetrical Positively skewed Negatively skewed 
Е E tail 


Exercise 5B 


Understanding з щш а 


1 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


Decide whether a histogram or column graph would be best used to display the following types of 
data 

а heights of students in a class 

b favourite colour 

c rating of hotel service (low, medium, high) 

d hourly wage at a number of restaurants 
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2 Complete these frequency tables. 


a Carcolour | Tally | Frequency 
Red || 
White Ж 
Green | 
Silver | 
Total 


edi 


Hint: In the tally, - is 5. 


b Class interval Frequency Percentage frequency 


Е s = 
80 8 50 * 100 = 16% 


95-100 
Total 50 


3 This frequency histogram shows how many Finish times in car rally 
competitors in a car rally race finished within a 
given time interval. 

a How many competitors finished in a time 
between 150 and 160 minutes? 
b How many cars were there in the race? 


Hint: There was one competitor in the NT P 
120—130 interval, three competitors in 
the 130—140 interval etc. 


Frequency 
© є_ NU > л с м co 


120 130 140 150 160 170 180 
Time (min) 


c Determine the following. Ө! 


i How many competitors finished in fewer Hint: 
than 150 minutes? Percentage = number = 150 199 


ii What percentage of competitors finished 
in fewer than 150 minutes? 


Example 2 Constructing a frequency table and column graph 


Twenty people checking out at a hotel were surveyed on the level of service provided by the hotel 
staff. The results were: 


Poor First class Poor Average Good 
Good Average Good First class First class 
Good Good First class Сооа Average 
Average | Good Poor First class Good 


a Construct a frequency table to record the data, with headings Category, Tally and Frequency. 


b Construct a column graph for the data. 
Continued on next page 
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Solution Explanation 
à [Category | Tally | Frequency Construct a table with the headings Category, Tally, 
Poor m 3 Frequency. | 
Average m 4 Fill in each category shown in the data. Work through 
Good || 8 the data in order, recording a tally mark (|) next to the 
First class | MF 5 category. It is a good idea to tick the data as you go, to 
Total 20 20 ша | | 
On the 5th occurrence of a category, place a diagonal line 
through the tally marks (СЕ). Then start again on the 6th. 
Do this every five values, as it makes the tally marks easy 
to count up. 
Once all data is recorded, count the tally marks for the 
frequency. 
Check that the frequency total adds up to the number of 
people surveyed (20). 
b Hotel service satisfaction Draw a set of axes with frequency going up to 8. 
8 For each category, draw a column with height up to its 
7 frequency value. 
6 Leave gaps between each column. 
© 5 Give your graph an appropriate heading. 
5 4 
E94 
2 
1 2 
0 
SP сў КА 
Qv 
Level of service 
Now you try 


A class of 24 students was surveyed on their favourite genre of movie. The results were: 


Action Comedy Comedy Romance Action Sci-Fi 
Horror Sci-Fi Comedy Action Comedy Romance 
Comedy Action Romance Horror Action Comedy 
Action Romance Horror Action Comedy Action 


a Construct a frequency table to record the data, with headings Category, Tally and Frequency. 
b Construct a column graph for the data. 


4 For the data on the next page, which was obtained from surveys: 527 
Hint: In the column graph, leave 


i Copy and complete this frequency table. 
Py р 9 у spaces between each column. 


Category Tally Frequency "Ч 
E 
S 
З 
р 
E 
са 
Category 
ii Construct a column graph for the data and include a heading. 
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4 The results from 10 subjects on a student's school report showing their level of application are: 
Good Low Good Good Excellent 
Very Low Low Good Good Low 


5 The favourite sports of a class of students are: 


Football Tennis Basketball Tennis Football 
Netball Football Tennis Football Basketball 
Basketball Tennis Netball Football Football 


Football Basketball Football Netball = Tennis 


Example 3 Constructing and analysing a histogram 


Twenty people were surveyed to find out how many times they use the internet in a week. The raw 


data are listed. 
21, I, S, 10, 15, 18, 21, 40, 22, 25 
1,246, Bil, 29) 16, 2L 125 339. И 25 


а Organise the data into a frequency table, using class intervals of 10. Include a percentage 
frequency column. 

b Construct a histogram for the data, showing both the frequency and percentage frequency on the 
one graph. 

c Which interval is the most frequent? 

d What percentage of people used the internet 20 times or more? 


Solution Explanation 
a [ Class Percentage | Тһе interval 10- includes all numbers 
interval | Tally |Frequency| frequency from 10 (including 10) to less than 20, so 10 is 
0- T 2 10% in this interval but 20 is not. 
10- H || 8 40% Count the tally marks to record the frequency. 
20- ДЕ 5 25% Add the frequency column to ensure all 20 
30- | 4 209, values have been recorded. Calculate 
40-49 | 1 5% each percentage frequency by dividing the 
Total 20 20 10096 frequency by the total (20) and multiplying by 
100%; i.e. 5 х 100 = 10. 


b Number of times the internet is accessed Transfer the data from the frequency table to 


8 40 2 the histogram. Axes scales are evenly spaced 
© @ 30 3 and the histogram bar is placed across the 
ч 4 20 3 boundaries of the class interval. There is no 
22 10 & space between the bars. 

0 $ 

0 10 20 30 40 50 
Score 
c The 10- interval is the most frequent. The frequency (8) is highest for this interval. 


It is the highest bar on the histogram. 


d 5096 of those surveyed used the internet 20 or Sum the percentages for the class intervals from 


more times. 20— and above. 
25 ar Mar = SO 
Continued on next page 
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Now you try 
The number of points scored by a basketball team in its 25-game season are shown below: 


a 


74 82 
66 86 
79 108 
їз S 
86 78 


77 
87 
94 
72 
78 


OL Dil 
90 88 
89 70 
89 97 
82 88 


Organise the data into a frequency table, using class intervals of 10. Include a percentage 
frequency column. 
Construct a histogram for the data, showing both the frequency and percentage frequency on the 


one graph. 


Which interval is the most frequent? 
What percentage of their games did they score 80 or more? 


recorded as: 


74 65 54 77 85 68 93 59 75 
71 82 57 98 73 66 88 76 


92 70 77 65 68 81 


Organise the data into a frequency table, using 


79 80 


class intervals of 10. Include a percentage 
frequency column. 


Construct a histogram for the data, showing 


both the frequency and percentage frequency 
on the one graph. 
c Which interval is the most frequent? 
d Ifan Ais awarded for a mark of 80 or more, what percentage of the class received an A? 


The Maths test results of a class of 25 students were 


Hint: Construct a frequency table like this: 


Class Percentage 
interval | Tally | Frequency | frequency 
50- Il 3 fred: 100 
60- 

70- 

80- 

90—100 

Total 


The number of wins scored this season is given for 20 hockey teams. Here are the raw data. 
4,8, 5,12, 15,9,9,7,3,7 


IO, 11, 1, 9, 13,0,6, 4, 12, 5 


a Organise the data into a frequency table, using class intervals of 5. Start with 0—, then 5- etc. and 


include a percentage frequency column. 
b Construct a histogram for the data, showing both the frequency and percentage frequency on the 


one graph. 


с Which interval is the most frequent? 
d What percentage of teams scored 5 or more wins? 


This frequency table displays the way in which 40 people travel to and from work. 


Type of Percentage 
transport Frequency frequency 
Car 16 
Train 6 
Tram 8 
Walking 5 
Bicycle 2 
Bus 3 
Total 40 
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a Сору and complete the table. - 


b Use the table to find the: | 

В | Hint: Percentage frequency: 

i frequency of people who travel by train 

is frequency 

ii most popular form of transport т 

iii percentage of people who travel by car 

iv percentage of people who walk or cycle to work 

v percentage of people who travel by public transport, including trains, buses and trams 
Problem-solving and reasoning 8,9 


8 Which of these histograms shows a symmetrical data set and which one shows a skewed 


data set? 
a 9 4 b 5 
> 44 
o 
© 6- Е 34 
3 5 
5 22 
5 34 су 1- 
0 
0 0 5 10 15 20 25 
0 20 40 60 80 Score 


Score 


9 This tally records the number of mice that were weighed and categorised into particular mass intervals 
for a scientific experiment. 


a Construct a table using these column headings: Mass, Mass (grams) Tally 
Frequency and Percentage frequency. 10- i 
Find the total number of mice weighed in the experiment. c= ДЕ | 
State the percentage of mice that were in the 20- Ae tM | 
20- gram interval. 25- ЖЕЕ Е 1 
Which was the most common weight interval? 30-34 Il 
What percentage of mice were in the most common mass 
interval? 

f What percentage of mice had a mass of 15 grams or more? 

Н 10 A school orchestra contains four musical sections: Section Tally 
string, woodwind, brass and percussion. The number of String ЖЕЕ | 
students playing in each section is summarised in this tally. Woodwind ДЕ || 
a Construct and complete a percentage frequency table for the Brass WF || 

data. Percussion Tm 
b What is the total number of students in the school orchestra? 
c What percentage of students play in the string section? 
4 What percentage of students do not play in the string section? 
e If the number of students in the string section increased by three, what would be the percentage 


of students who play in the percussion section? (Round your answer to one decimal place.) 


11 Describe the information that is lost when displaying data using a histogram. 
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12 The graph shown compares the life expectancy of males and females in 10 different countries. Use the 
graph to answer the following questions. 


Life expectancy for males and females in selected countries 


п Male 
20 ш Female 


Life expectancy (years) 
nS 
© 


o од? > Үе > & 
S S GU OO au $ 
У та eg u 


© 


£5 


Which country has the biggest difference in life expectancy for males and females? Approximately 
how many years is this difference? 
b Which country appears to have the smallest difference in life expectancy between males 

and females? 
c From the information in the graph, write a statement comparing the life expectancy of males 

and females. 
d South Africa is clearly below the other countries. Provide some reasons why you think this may be 
the case. 


13 This graph shows the amount spent (Cost) on the purchase and storage of ice-cream each day by an 
ice-cream vendor, and the amount of money made from the daily sales of ice-cream (Revenue) over 
the course of a week. 


Ice-cream van's daily costs and 
revenue for a week 


600 ш Revenue ($) 
400 Cost ($) 


a On which days was the cost highest for the purchase and storage of ice-cream? Why do you 
think the vendor chose these days to spend the most? 


Wednesday had the greatest revenue for any weekday. What factors may have led to this? 
Daily profit is determined by the difference in revenue and cost. Identify: 

i оп which day the largest profit was made and state this profit (in dollars) 

ii on which day the vendor suffered the biggest financial loss 


d Describe some problems associated with this type of graph. 


This activity is available on the companion website as a printable PDF. 
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5C Dot plots and stem-and-leaf 
plots 


To be able to construct and interpret a dot plot 

To be able to construct and interpret a stem-and-leaf plot and back-to-back stem-and-leaf-plots 

To know when it is appropriate to use a dot plot or stem-and-leaf plot to represent a set of data 

To be able to interpret the shape of these graphs to describe the distribution of the data as symmetrical or skewed 


Key vocabulary: dot plot, stem-and-leaf plot, symmetrical data, skewed data 


In addition to column graphs, dot plots and stem-and-leaf plots can be used to display categorical or 
discrete data. They can also display two related sets for comparison. Like a histogram, they help to show 
how the data are distributed. A stem-and-leaf plot has the advantage of still displaying all the individual 
data items. 


© Lesson starter: Alternative representations 


The histogram and stem-and-leaf plot below represent the same set of data. They show the scores 
achieved by a class in an exam. 


Exam results Stem | Leaf 
5 5113 
e 4 6|5 7 8 
$ 3 7|1 2 4 6 
Ё 2 813 4 7 
1 9 6 
0 6| 8 means 68 


50 60 70 80 90 100 
Score 


e Describe the similarities in what the two graphs display. 

e What does the stem-and-leaf provide that the histogram does not? What is the advantage 
of this? 

e Which graph do you prefer? 

e Discuss any other types of graphs that could be used to present the data. 


Key ideas 
8 A dot plot records the frequency of each category А 
or discrete value іп a data set. UC CMS 
e Each occurrence of the value is marked with 
a dot. icd n 
Number of goals 
8 Astem-and-leaf plot displays each value in the Stem | Leaf 
data set using a stem number and a leaf number. IlO i es 
e The data are displayed in two parts: a stem and 213 7 
a leaf. ala 46 
e The ‘key’ tells you how to interpret the stem and 429 
leaf parts. 
* The graph is similar to a histogram with class Еш 
intervals, but the original data values are not lost. key 
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e The stem-and-leaf plot is ordered to allow for further statistical calculations. 
e Back-to-back stem and leaf plots, with leaves either side of the stem, can be used to compare 
two related sets of data. 


® The shape of each of these graphs gives information about the distribution of the data. 


e A graph that is even either side of the centre is symmetrical. 232197: 
е 2 
12345 
e А graph that is bunched to one side of the centre is skewed. ee 
ШЕ 
Ехегсіѕе 5С 
Understanding 1-3 
1 Name each of these types of graphs. 
a b e м е 
> e —1——1—1—1—À 
У 123 4 
з 
v 
Ез 
10 20 30 40 50 60 70 
Score 
с B d Stem |Leaf 
S 0|1 1 3 
y 1124 7 
ы 210 22 5 8 
Category pp 
2 | 5 means 25 
2 A student records the following wait times, in minutes, 
for his school bus over 4 school weeks. 
54284275 3 3 
—< Т Т Т Т Т Т | > 
5425458726 234567 8 
. : Wait time (min) 
Copy and complete this dot plot of the data by placing a dot 
for each occurrence of a value. 
3 List all the data shown in these stem-and-leaf plots (e.g. 32, 35, ...). "T T " -48 
Hint: Look at the key 4 | 1 means 41’ КЛ. 
а Stem | Leaf D Stem | Leaf to see how the stems and leaves go 
3/2 5 0237 together. 
411 3 7 114 4 8 9 
514 4 6 2/3 6 6 
610 2 310 5 
7|1 1 2 | 3 means 2.3 
4 | 1 means 41 
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Example 4 Interpreting a dot plot 


This dot plot shows the number of goals per game scored by a team during the soccer season. 


ол 24567 
Number of goals per game 


a How many games were played? 

b What was the most common number of goals per game? 
c How many goals were scored for the season? 

d Describe the data in the dot plot. 


Solution Explanation 


a There were 20 matches played. Each dot represents a match. Count the 
number of dots. 


b 6 goals in a game occurred most often. The most common number of goals has the 
most dots. 
с 2х0+2х2+2х3+3х4+4х 5 Count the number of games (dots) for each 
СОТ number of goals and multiply by the number 
“0:4:6:15:90:30:14 of goals. Add these together. 


= 86 goals 


d Two games resulted in no goals but the data Consider the shape of the graph; it is bunched 
were generally skewed towards a higher towards the 6 end of the goal scale. 
number of goals. 


Now you try 


This dot plot shows the number of pets owned by a number of households in a street. 


=: 
0 


= 
324755 


Number of pets 


m-jteceeee 
4 өөө 


a How many households were surveyed? 

b What was the most common number of pets? 
c How many pets are there in the street? 

d Describe the data in the dot plot. 
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5C 
кэ 4 Anumber of families were surveyed to find 


the number of children in each. The results 


Ё Hint: 4 families had 2 children (4 dots), 2 


are shown in this dot plot. ae so that represents 8 children from 
a How many families were surveyed? O 1 2 3 45 these families. 
b What was the most common number of Number of pets 


children in a family? 
с How many children were there in total? 
d Describe the data in the dot plot. 


5 This dot plot shows the number of strokes a golfer played, each hole, in his 
round of golf. 
a How many holes did he play? < 
b How many strokes did he play in the round? 
c Describe his round of golf. 


Example 5 Constructing a stem-and-leaf plot 


Consider this data set. 


22 62 53 44 35 47 51 64 72 
32 АЗ 57 04 70 33 Sl @ 59 


3 


Number of strokes 


41990909 


a Organise the data into an ordered stem-and-leaf plot. 
b Describe the distribution of the data as symmetrical or skewed. 


Solution Explanation 
а Stem | Leaf For two-digit numbers, select the tens value as the stem and the 
2|2 units as the leaves. 
al23 5 The data ranges from 22 to 72, so the graph Stem | Leaf 
211. will need stems 2 to 7. 212 
3S 09 Work through the data and record the 3523 
51 ал 8 leaves in the order of the data. ES 
TIO 2 3J|3 171 9 
5|1 means 51 62448 
7|2 0 
5 | 1 means 51 


51 occurs twice, so the leaf 1 is recorded twice in the 5 stem row. 
Once data are recorded, redraw and order the leaves from smallest 
to largest. 

Include a key to explain how the stem and leaf go together; 

i.e. 5| 1 means 51. 


b The distribution of the The shape of the graph is symmetrical (i.e. evenly spread) either 
data is symmetrical. side of the centre. 
Now you try 


Consider this data set. 
iS iu 18 22 Sil 24. 24 20 
14 63 54 40 44 32 28 10 


a Organise the data into an ordered stem-and-leaf plot. 
b Describe the distribution of the data as symmetrical or skewed. 
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5C Dot plots апа stem-and-leaf plots 271 


6 Consider the following sets of data. 


i Organise the data into an ordered stem-and-leaf plot. Hint: Remember to include a key such 
ii Describe the distribution of the data as symmetrical or skewed. ав 4 | 6 means 46’. 


a 46 22 37 15 26 38 52 24 


31 20 15 37 21 25 26 


b 35 16 23 55 38 44 12 48 21 42 Hint: 

53 36 35 25 40 51 27 31 40 36 32 Symmetrical Skewed 

Stem | Leaf Stem | Leaf 

С 153 121 124 117 125 118 135 137 162 ШИЛ Шс 

145 147 119 127 149 116 133 160 158 21722 213 4176 
4 4.9 3.7 4.5 5.8 3.8 4.3 5.2 7.0 4.7 2|1 224 ara 2 

4.4 5.5 6.5 6.1 3.3 5.4 2.0 6.3 4.8 411 2 7 415 

513 


Example 6 Constructing back-to-back stem-and-leaf plots 


Two television sales representatives sell the following number of televisions each week over a 15-week 


period. 
Employee 1 Employee 2 
28) 2389 359 21 045 2y 49 20 28 32 37 20 30 45 48 17 
I) 35 29 20 39 Se l5 32 37 29 17 49 40 46 

a Construct an ordered back-to-back stem-and-leaf plot. 


b Describe the distribution of each employees sales. 
Solution Explanation 
а Employee 1 Employee 2 Construct an ordered stem-and-leaf plot with 
Leaf | Stem | Leaf the sales by employee 1 on the left-hand side 
“ “тг and the sales by employee 2 on the right-hand 
z310 2 17: side. Include a key. 
98 © 3 3 3 0 22 yy 
9 3 3 4 0з юв 9 
8 5 
3 | 7 means 37 


b 


Sales by employee 1 are symmetrical, whereas Observe the shape of each employee's graph. 
sales by employee 2 are skewed. If appropriate, use the words symmetrical 
(i.e. spread evenly around the centre) or 
skewed (i.e. bunched to one side of the centre). 


Now you try 


Two friends spent the following amounts in dollars on take-away food over a 12-week period. 


Friend 1 Friend 2 
54 44 30 32 46 62 16 24 30 44 29 19 
22 (00 АШ 20 27 AS 22 Ж 18 52 22 41 


Construct ап ordered back-to-back stem-and-leaf plot. 
Describe the distribution of each friend's spending. 
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5C 
кэ 7 Consider the following sets of data. 


i Draw a back-to-back stem-and-leaf plot. 
ii Comment on the distribution of the two data sets. 9 
a Set1:61 38 40 53 48 57 64 Hint: For part а use a key like ‘3 | 7 N ff P 
39 42 59 46 42 53 43 means 37' and for part b use a key like 


‘15 | 6 means 156’. 


Set2:41 55 64 47 35 63 61 
32 60 52 56 47 67 32 


b Set1:176 164 180 168 185 187 195 166 201 
199 171 188 175 192 181 172 187 208 


Ѕеї 2: 190 174 160 170 186 163 182 171 
167 187 171 165 194 182 163 178 


Problem-solving and reasoning 


8 Two football players, Logan and Max, compare their personal tallies of the number of goals 
scored for their team over a 12-match season. Their tallies are as follows. 


Game Ї 2 3 4 5 6 7 8 9 10 11 12 
Logan 0 2 2 0 3 1 2 1 2 3 0 1 


Max 0 0 4 1 0 5 0 3 1 0 4 0 
a Draw a dot plot to display Logan's goal-scoring achievement. 
b Draw a dot plot to display Max's goal-scoring achievement. 
c How would you describe Logan’s scoring habits? 
d How would you describe Max's scoring habits? 
9 This stem-and-leaf plot shows the times, in minutes, that Chris has achieved in Stem | Leaf 
the past 14 fun runs she competed in. 20|5 7 
а What is the difference between her slowest and fastest times? 2111 2.6 
b Just by looking at the stem-and-leaf plot, what would you estimate to be 2212 4 6 8 
Chris’ average time? 2314 5 6 
с If Chris records another time of 24.9 minutes, how would this affect your 24|3 6 
answer to part b? 22 | 4 means 22.4 
10 The data below show the distances travelled (in km) by students at an inner-city and an 
outer-suburb school. 
Innercity:3 10 9 14 21 6 Outer suburb: 12 21 18 9 34 19 
1 12 24 1 19 4 24 3 23 41 18 4 
a Draw a back-to-back stem-and-leaf plot for the data. 
b Comment on the distribution of distances for each school. 
с Give a practical reason for the distribution of the data. 
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11 Determine the possible values of the pronumerals in the following ordered stem-and-leaf plots. 


а Stem | Leaf D Stem | Leaf Hint: The stems and leaves are ordered 
1/2 4 201а 1-4 from smallest to largest. A leaf can 
113695 21229 appear more than once. 
а|1 4 2210057 
4|7 с 8 23/1 4 

2 |3 means 2.3 22 | 7 means 227 


Ж Splitting stems = 


12 The back-to-back stem-and-leaf plot below shows the maximum daily temperature for two cities over 
a 2-week period. 
Maximum temperature 
City A City B 
leaf | Stem | leaf 


1 | 4 means 14 
17 | 5 means 15 
a Describe the difference between the stems 1 and 17. 
b To which stem would these numbers be allocated? 
i 12°С ii 5°C 
с Why might you use this process of splitting stems, like that used for 1 and 1°? 
Compare and comment on the differences in temperatures between the two cities. 
What might be a reason for these different temperatures? 
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5D Range and measures of centre 


e То know some measures of centre and spread used to summarise a data set. 

e То know how the median is found differently for data sets with an odd or even number of values 

e To be able to find the mean, median, mode and range of a set of data in list or graphical display form 
e To understand the effect of extreme values on the values of the summary statistics 

Key vocabulary: mode, bimodal, mean, range, median, stem-and-leaf plot, dot plot 


In the previous sections you have seen how to summarise data in the form of a frequency table and to 
display data using graphs. Key summary statistics also allow us to describe the data using a single 
numerical value. The mean (i.e. average), for example, may be used to describe a student's performance 
Over a series of tests. The median (i.e. middle value when data are ordered) is often used when describing 
the house prices in a suburb. These are termed measures of centre. Providing information about the spread 
of the data is the range, which measures the difference between the maximum and minimum values. 


o Lesson starter: Mean, median or mode? 


The following data represent the number of goals scored by Ellie in each game of a 9-game 
netball season. 
24 18 25 16 3 23 27 19 25 


It is known that the figures below represent, in some order, the mean, median and mode. 


25 20 23 


Without doing any calculations, can you suggest which statistic is which? Explain. 

* From the data, what gives an indication that the mean (i.e. average) will be less than the median (i.e. 
middle value)? 

e Describe how you would calculate the mean, median and mode from the data values. 
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® The mean (or average) is calculated by summing all the data values and dividing by the total 
number of values. 


sum of all data values 


Mean () = umber of data values 


e The mean is affected by extreme values in the data. 


® The mode is the most commonly occurring value in the data set. 
* A data set can have two modes (called bimodal) or no unique mode at all. 


8 The median is the middle value of a data set when the data are arranged in order. 
* When the data set has an even number of values, the median is the average of the two 
middle values. 


For example, 

202777 4 у i 101217 

Median = 6 Median = 5110 
=9 


e The median is not significantly affected by extreme values in the data. 


8 The range is a measure of how spread out the data is. 
e Range = maximum value – minimum value 


Exercise 5D 


Understanding 1-3 


1 Use the words from the list below to fill in the missing word in these sentences. 
mean, median, mode, bimodal, range 


The is the most frequently occurring value in a data set. 

Dividing the sum of all the data values by the total number of values gives the 

The middle value of a data set ordered from smallest to largest is the 

A data set with two most common values is 

A data set has a maximum value of 7 and a minimum value of 2. The is 5. 


co £0 ct» 


> 


XY 


2 Circle the middle value(s) of these ordered data sets. ЕЗГЕГЕ атата 
a246 7 8 10 Il values will have two middle values. 
b 6 9 10 14 17 20 


3 Aaron drinks the following number of cups of coffee each day in a week. 
4 5 3 6 4 3 3 


a How many cups of coffee does he drink in the week (sum of the data values)? 
b How many days are in the week (total number of data values)? 
c What is the mean number of cups of coffee Aaron drinks each day (part a + part b)? 
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E 
тшту ШҮ D 


Example 7 Finding the mean, mode and range 


For the following data sets, find: 


i the mean 
ii the mode 
iii the range 
a 2,4,5,8,8 3) SE JUS, 1022-9). 1, 5, ©, & 
Solution Explanation 
a i Men- tete Mean = SYM of all data values 
5 number of data values 
_ 2] Add all the data and divide by the number of 
US values (5). 
= 5.4 
ii The mode is 8. The mode is the most common value in 
the data. 
lii Range = 8 – 2 Range = maximum value — minimum value 
=6 


b i Mean z 251512 £9 € 12+ 154648 


Mean = SUM of all data values. 


8 number of data values 
80 Add all the data and divide by the number of 
8 values (8). 
= 10 


ii There are two modes: 12 апа 15. 


lll Ramge=15—3 
-112 


Now you try 


For the following data sets, find: 


i the mean 
ii the mode 
iii the range 


2.5 10:612 A O 
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4 For each of the following data sets, find: 


£5 


b 


о Go 


the mean ii the mode iii the range 
2 4 5 8 8 
5 8 10 15 20 12 10 50 "m © 
55 70 75 50 90 85 50 65 90 Mean = . Sum of data values 
27 30 28 29 24 12 number of data values 


Mode is the most common value. 
20 19 27 29 26 19 27 1.9 Range = maximum — minimum 


17 12 L4 L6 2.4 13 


Example 8 Finding the median 


Find the median of each data set. 


a) 20. 10225 8) ПЭ, b 16,20,8,5,21,14 
Solution Explanation 
А л a up Eee 2 DS The data must first be ordered from smallest to largest. 


The median is the middle value. 


Median = 7 | i 
For an odd number of data values, there will be one middle 
value. 
b 5 8 14 16 20 21 Order the data from smallest to largest. 
aa For an even number of data values, there will be two 
Median = — middle values. 
The median is the average of these two values 
= 5 (i.e. the value halfway between the two middle numbers). 
Now you try 


Find the median of each data set. 
Al d ie, 2 7, tl, 16, 5), 1), 101 } 10), 35, 18, 24) 127 WS, 116, Sil 


5 Find the median of each data set. 


a 


b 
с 
d 
e 
Ї 
9 


6 Nine people watch the following number of hours of television on 
a weekend. 


оо ооф 


1 4 7 8 12 

Hint: First make sure that the data values 
1224479 are in order. For two middle values, find 
11 13 6 10 14 13 1 their average. 


62 77 56 78 64 73 79 75 77 
2445 6 8 8 1012 22 

] 2. 2. 3 7 12 12 18 

30 36 31 38 27 40 


24-20 32 25 35 31 37 39 


446668 9 9 11 
Find the mean number of hours of television watched. 
Find the median number of hours of television watched. 
Find the range of the television hours watched. 
What is the mode number of hours of television watched? 
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278 Chapter 5 Statistics 


Problem-solving and reasoning 7-9 


7 Eight students compare the amount of pocket money they receive. The data are as follows. 
$12 $15 $12 $24 $20 $8 $50 $25 


Find the range of pocket money received. 
Find the median amount of pocket money. 
Find the mean amount of pocket money. 
Why is the mean larger than the median? 


Example 9 Calculating summary statistics from a stem-and-leaf plot 


оо сә 


For the data іп this stem-and-leaf plot, find the: Stem | Leaf 

a range 21157: 

b mode 3/1222 6 

с mean 410 3 3 

d median 5|2 6 

5 | 2 means 52 

Solution Explanation 

a Minimum value = 25 In an ordered stem-and-leaf plot, the first 
Maximum value = 56 data item is the minimum and the last is the 
Range = 56-25 maximum. Use the key ‘5 | 2 means 52’ to see 

ЕІ how to put the stem and leaf together. 


Range = maximum value — minimum value 


b Mode = 32 The mode is the most common value. The leaf 2 
appears three times with the stem 3. 


€ Mean —22 1282 3! 4 32 + 32 + 32 + 364 40 43 + 43 + 52 4 56 


12 

_ 450 Form each data value from the graph and add 
EU them all together. Then divide by the number of 
2375 data values in the stem-and-leaf plot. 

d Median = aie There is an even number of data values: 12. The 

median will be the average of the middle two 
54 values (i.e. the 6th and 7th data values). 

Now you try 

For the data in this stem-and-leaf plot, find the: Stem | Leaf 

а range 20727271 

b mode 3 || 2 9 9 9 

с mean 414 6 8 

алс 3 | 2 means 32 
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Н 8 For the data in these stem-and-leaf plots, find the: 
i 


range 


iii mean (rounded to one decimal place) 


а Stem | Leaf 


Eg] 9 


each subject. 


a For each student, find: 


i the mean 


the median 


ii mode 
iv median 
b Stem | Leaf 
10112 4 
11/2 6 
12 |5 


11 | 6 means 116 


This back-to-back stem-and-leaf plot shows the results of two 
students, Hugh and Mark, on their end-of-year examination in 


iii the range 


b Compare the performance of the two students 


using your answers to part a. 


10 


5120000 $210000 $280000 5370000 $1 700000 


The mean is $536 000 and the median is $280 000. 
Which is a better measure of the centre of the five property prices: the mean or the median? 


Give a reason. 


5D Range and measures of centre 


279 


Hint: Use the key to see how the stem 2 


and leaf go together. 


C Stem | Leaf 

310 0 5 

4/2 7 

5/1 3 3 

610 2 

3 | 2 means 3.2 

Hugh Mark 
leaf | Stem | leaf 

8 8 5 6 4 
7 3 T 4 7 
54211 8 2 4 6 8 
9 2 4 5 


11 This dot plot shows the number of wins recorded by a school sports 
team in the past 10 eight-game seasons. 


а What was the median number of wins? 
b What was the mean number of wins? 
c The following season, the team records 3 wins. What 


effect will this have (i.e. increase/decrease/no change) on the: 
mean? 


i median? 


* 


Moving run average 


< T Т Т 


7 | 4 теапз 74% 


A real estate agent recorded the following amounts Тог the sale of five properties: 


T 
6 7 


> 


лл өөө 


012134 


Number of wins 


12 A moving average is determined by calculating the average of all data values up to a particular time or 


place in the data set. 


Consider a batter in cricket with the following runs scored from 10 completed innings. 


Innings 1 2 3 + 5 6 Т 8 9 10 
Ѕсоге 26 38 5 10 52 103 75 21 33 0 
Moving average 26 32 


In the table, 26 is the average after 1 innings and 32 is the average after 2 innings. 

a Complete the table by calculating the moving average for innings 3—10. Round your answer to the 
nearest whole number where required. 

b Plot the score and moving averages for the batter on the same set of axes, with the innings 
number on the horizontal axis. Join the points to form two line graphs. 

c Describe the behaviour of the: 


i score graph 


ii moving average graph 


d Describe the main difference in the behaviour of the two graphs. Give reasons. 
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280 Chapter 5 Statistics 
5E Quartiles and outliers 


To know which statistics make up the five-figure summary 

To be able to calculate the quartiles of a data set 

To be able to find the interquartile range and know what it represents 

To know what is meant by an outlier and be able to find any outliers in a data set 

To understand the impact of outliers on various statistics 

Key vocabulary: five-figure summary, upper quartile, lower quartile, median, interquartile range, outlier, upper fence, 
lower fence 


In addition to the median of a single set of data, there are two 
related statistics called the upper and lower quartiles. If data are 
placed in order, then the lower quartile is central to the lower 
half of the data. The upper quartile is central to the upper half of 
the data. These quartiles are used to calculate the interquartile 
range, which helps to describe the spread of the data, and show 
whether or not any data points do not fit the rest of the 

data (outliers). 


© Lesson starter: House prices 


A real estate agent tells you that the median house price for a suburb in 2020 was $753 000 and the mean 
was $948 000. 

e ls it possible for the median and the mean to differ by so much? 

* Under what circumstances could this occur? Discuss. 


8 The Нуе-Ндиге summary uses the following statistical measures to summarise a set of data: 


e Minimum value (min) the lowest value 
e Lower quartile (Q;) the number above 2596 of the ordered data 
e Median (Q2) the middle value above 50% of the ordered data 
e Upper quartile (Оз) the number above 75% of the ordered data 
e Maximum value (max) the highest value 

Odd number of data values Even number of data values 

“о e iod 

Q,=242 , ыыт Orge 15 Q9 

=2 = (05) 


8 Another measure of the spread of the data is the interquartile range (IQR). 
IQR = upper quartile — lower quartile 
-Q3-Qi 
8 Outliers are data elements outside the vicinity of the rest of the data. 
A data point is an outlier if it is either: 


e less than the lower fence, where lower fence = Оу - 1.5 x IQR or 
e greater than the upper fence, where upper fence = Qs + 1.5 x IQR 


8 Outliers significantly affect the range of a data set but have limited to no effect on the IQR. 
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Exercise 5E 


Understanding 


1 a State the five values that need to be calculated for a five-figure summary. 
b Explain the difference between the range and the interquartile range. 
c What is an outlier? 


2 The data show, in order, the numbers of cars owned by 10 families surveyed. > 
0, 11,222,332 Hint: For an even number of data values, 
a Find the median (the middle value). average the two middle values for the 
median. 


b By splitting the data in half, determine the: 
i lower quartile Оу (middle of lower half) 
ii upper quartile Оз (middle of upper half) 


Н 3 For the data set with О = 3 and Q4 = 8: 
a Find IQR = О» —Q). 
b Calculate Qı — 1.5 x IQR (lower fence) and Оз + 1.5 х IQR (upper fence). 
c Identify the name that would be given to the value 18 in the data set. 


Example 10 Finding quartiles and IQR for an even number of data values 


Consider this data set: 

2, 2, 4, 5, 6, 8, 10, 13, 16, 20 

a Find the upper quartile (Оз) and the lower quartile (Q1). 
b Determine the IQR. 


Solution Explanation 
а 2 05 6|8 8 10 (3 16 20 The data are already ordered. Since there is an 
E 6x8 even number of values, split the data in half to 
кт locate the median. 
Q =7 о Qj is the middle value of the lower half: 
| 2 ® @ 5 6 
О, = 4 апа О; = 13 Оз is the middle value of the upper half: 
10 (3) 16 20 
о [Ойе=Ллу=Л IQR = Q3 — Qi 
=% 
Now you try 


Consider this data set: 

3,5, ©, I), П 113}, 15, 119). 2241. 237]. 283. Sill, 35), 333) 

a Find the upper quartile (Оз) and the lower quartile (Q1). 
b Determine the IQR. 
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Chapter 5 Statistics 


E3 4 For these data sets, find the: 
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i upper quartile (Q3) and the lower quartile (Q1) 
ii IQR 

3,4, 6, 8,8, 10 

10, 10, 11, 14, 14, 15, 16, 18, 20, 21 

41,49, 53, 58, 59, 62, 62, 65 

1.2,1.7,1.9, 2.2,‚2.4,2.5,2.9,3.2 


оос ә» 


Consider this data set: 

DD, NO, 240) 2.7, 1.08), 240) 39, 23, Ble 

a Find the upper quartile (Оз) and the lower quartile (Q1). 
b Determine the IQR. 


Solution 
“710713 | 222 о 36 98 535 
Q,- 18422 Q, = 36438 
2 : 2 
_ 4.0 _7A 
2 2 
Э210 =з 


b. OR=37=20 
=1.7 


Now you try 


Consider this data set: 

14.4, 15.2, 16.0, 13.7, 18.2,21.4, 19.7, 19.9, 12.8, 20.6,21.4 

a Find the upper quartile (Q3) and the lower quartile (Q1). 
b Determine the IQR. 


5 For these data sets, find: 
і the upper quartile (Оз) and the lower quartile (Q1) 


ii the IQR 

1,2,4, 8,10, 11, 14 

10, 7, 14,2, 5,8, 3, 9, 2, 12, I 

09 L3.LLL2,.b55 1x19. LT 0.8 
21, 7, 15,9, 18, 16, 24, 33, 4, 12, 13, 18, 24 


осоо cct» 
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Hint: For an even number of data values, 
split the ordered data in half: 
2 00-04 | 10-12 


rf | 


Q, Q; 
IOR = О, = Qi 
Explanation 


First order the data and locate the 
median (Q»). 


[4 


2 


Split the data in half; i.e. either side 


of the median. 
Q; is the middle value of the lower 


half; for two middle values, average 


the two numbers. 
Оз is the middle value of the upper 
half. 


IQR = Q3 = Q1 


Hint: For an odd number of data values, 
split ordered data in half, leaving out the 
middle value. 


0Q 4)7(9 @ 16 
| | 


Qi Q3 
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Example 12 Finding the five-figure summary and outliers 


The following data set represents the number of flying geese spotted on each day of a 13-day tour of 
England. 
95 1,4, 3,3, 9,014 1; 2272 
a For the data, find the: 
i minimum and maximum number of geese spotted 
ii median 
iii upper and lower quartiles 
iv IQR 
b Find any outliers. 
c Can you give a possible reason for why the outlier occurred? 
d If the outlier's value is corrected to 8, determine the range and IQR of the data set. Explain the 
similarities or differences compared to the original data set. 


Solution Explanation 
ar Мп-1, тах-18 Look for the largest and smallest numbers and 
E 21127912 2 (0 07540101 order the data: 
-. Median = 4 
iii Lower quartile (0) -222 li | _ 3) (4 и | 7 i 
=2 Qi Q Q; 
Upper quartile(Q3) = Ба Since О» falls оп a data value, it is not included 
in the lower or higher halves when Q; and Оз 
= 5.5 are calculated. 
iv IQR2 5.5-2 IQR = Оз Qi 
= 3,5 
р Lower fence = Q; - 1.5 x IQR A data point is an outlier if it is less 
22 155035 than the lower fence = Q; = 1.5 x IQR 
22-525 or greater than the upper fence = 
Е 1 Оз + 1.5 x IQR. 
20 i 
Upper fence = Qs + 1.5 x IQR 
=o 5х 2.5 
= 5,5 + 9,25 
210175 There are no numbers less than —3.25 but 18 is 
2. The outlier is 18. greater than 10.75. 


c Perhaps a flock of geese was spotted that day. 


Continued on next page 
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d 1,1,2,2,3,4,4,4,5,6, 7,8 18 is replaced in the data set with 8 and the 
Range =8— 1 range and IQR calculated. 
=7 The outlier affected the range as the maximum 
ТОК 55:22 value is changed but the IQR is not affected by 


= the value of the maximum. 


The range is significantly reduced by 
correcting the outlier. The IQR here 
is unchanged. Extreme values do not 
significantly affect the IQR. 


Now you try 
The following data set represents the number of hours a ball girl worked at the Australian Open over 
the 14-day event. 
A O 3), 8, Unity 1 D4) 2, 3, 9) @ 
a For the data, find the: 
i minimum and maximum number of hours worked 
ii median 
iii upper and lower quartiles 
iv IQR 
b Find any outliers. 
c Can you give a possible reason for why the outlier occurred? 
d If the outlier's value is corrected to 9, determine the range and IQR of the data set. Explain the 
similarities or differences compared to the original data set. 


6 The following numbers of cars were counted on each day E 
for 15 days, travelling on a quiet suburban street. Hint: d 


10,9, 15, 14, 10, 17, 15, 0, 12, 14, 8, 15, 15, 11, 13 Outliers аге more than Q5 + 1.5 x IQR 
ог 
less than Q4 — 1.5 x IQR 


а For the given data, find the: 
i minimum and maximum number of cars counted 


ii median 

iii lower and upper quartiles (О; and Оз) 
iv IQR 

Find any outliers. 

Give a possible reason for the outlier. 

4 The outlier value is changed to 8. Find the new 
range and IQR and comment on any similarities 
or differences compared to the original data 
set. 
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Summarise the data sets below by finding: 
i the minimum and maximum values 
ii the median (Q2) 
iii the lower and upper quartiles (О; and Оз) 
iv the IQR 
v any outliers 


4,5,10,7,5,14,8,5,9,9 

24,21,23, 18,23,29, 31, 16, 26, 25,27 
10, 13, 2, 11, 10, 8, 24, 12, 15, 15, 12 
3,6, 10, 11, 17, 4,4, 1, 8,4, 10, 8 


оо сә 


8 


В T° 


Problem-solving and reasoning 


Twelve different calculators had the following 
numbers of buttons: 
36, 48, 52, 43, 46, 53, 25, 60, 128, 32, 52, 40 
а For the given data, find: 
i the minimum and maximum number 
of buttons on the calculators 
ii the median 
iii the lower and upper quartiles 
(Qı and Q3) 
iv the IQR 
v anyoutliers 
vi the mean 
b Can you give a possible reason why the 


outlier has occurred? 
c Which is a better measure of the centre of the data: the mean or the median? Explain. 


d Which is a better measure of the spread of the data: the range or the IQR? Explain. 


At an airport, Paul checks the weight of 20 luggage items. If the weight of a piece of luggage is an 
outlier, then the contents undergo a further check. The weights in kilograms are: 


1 4 5 5 6 7 7 7 8 8 
10 10 10 15 15 16 17 19 32 33 


How many luggage items will undergo a further check? 


The prices of nine fridges are displayed in a sale 
catalogue. They are: 

$350 $1000 $850 $900 $1100 $1200 

$1100 $1000 $1700 

How many of the fridge prices could be considered 
outliers? 
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ЕЭ 11 For the data іп this stem-and-leaf plot, find: Stem | Leaf 
а the lQR 011 9 
b any outliers 1|6 8 Hint: Split the data in half to find Qo, — (7797) 
c any outliers if the number 32 210 4 6 8 then find Qj and Qs. | 
was added to the list 310 
2 | 4 means 24 
12 For the data in this stem-and-leaf plot the Stem | Leaf 
value 42 was incorrectly recorded. What 117 8 
are the possible values it should have 211 4 6 
been if the: 315 5 
a median is not changed 429 
b IQR is not changed 510 3 
4 | 2 means 42 


Ў Some research 


13 Use the internet to search for data about a topic that interests you. Try to choose a single set of data 
that includes between 15 and 50 values. 
a Organise the data using a: 
i stem-and-leaf plot 
ii frequency table and histogram 


b Find the mean and the median. 
c Find the range and the interquartile range. 
d Write a brief report describing the centre and spread of the data, referring to parts a to c above. 
e Present your findings to your class or a classmate. 
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5F Box plots 


e To know that a box plot can be used to represent the five-figure summary of a data set 

e То understand that the sections of a box plot each represent approximately 25% of the data and show the spread 
of the data 

e То be able to construct box plots both with and without outliers 

e To know that parallel box plots can be used to compare two or more sets of data in the same context 


Key vocabulary: box plot, parallel box plot, outlier, five-figure summary, upper quartile, lower quartile, median, 
interquartile range, upper fence, lower fence 


The five-figure summary (min, От, Оо, Q3, max) can be represented in graphical form as a box plot. Box 
plots are graphs that summarise single data sets. They clearly display the minimum and maximum values, 
the median, the quartiles and any outliers. Q1, Q2 and Оз divide the data into quarters. Box plots also give 
a Clear indication of how data are spread, as the IQR (interquartile range) is shown by the width of the 
central box. 


© Lesson starter: Fuel consumption 


This box plot summarises the average fuel consumption (litres per 
100 km) for a group of European-made cars. 


4 6 8 10 12 14 16 
Fuel consumption (L/100 km) 


e What does each part of the box plot represent in terms of the 
five-figure summary? 

e What do you think the cross (x) represents? 

e Describe how you can use the box plot to find the IQR. 

e For the top 25% of cars, what would you expect the fuel consumption to be above? 


8 A box plot (also called a box-and-whisker plot) can be used to summarise a data set and show 
the spread of the data. It displays the five-figure summary (min, Q1, Q2, Qs, max), as shown. 
25 95—--«— 25 96 —»1-«— 25 05 —»-—25 96 —» 


T > 
Maximum 
value 


Minimum 
value 


T T 
О, О, О» 
(Median) 
Whisker Box Whisker 


8 An outlier is marked with a cross (x). 
e An outlier is greater than Оз + 1.5 x IQR (upper fence) or less than О; — 1.5 x IQR 
(lower fence). 
© (0К-05-0) 
e The whiskers stretch to the lowest and highest data values that are not outliers. 


шини... — х 


SS Т Т Т Т —r > 
Minimum Qi О, О, Outlier 
value 
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8 Parallel box plots are box plots drawn on the same scale. They are used to compare data sets 


within the same context. 


European cars — | H| x 


4 6 8 10 12 14 16 
Fuel consumption (L/100 km) 


Australian cars 


Exercise 5F 
Understanding 1-4 
1 Label the parts a-g of the box plot below. 
x r 
SA — 
чү шинийн шинжин шинжин шинжин шинжин шинжин шинжийн ин Бек T T = TT --ЭР- 

цан A A \ 
а b с а е 


2 For this simple box plot, find the: 
a median (Q5) 


Hint: Box plot shape 


А 


outlier 


include an even scale. 


b minimum ? 
c maximum 
d range 
e lower quartile (Qj) 
f upper quartile (Оз) 
g interquartile range (IQR) 
3 Construct a box plot showing these features. 
a Міп= 1,0 = 3, О = 4, 0; - 7, тах = 8 
р Outlier = 5, minimum above outlier = 10, 
Оу = 12, О» = 14, Оз = 15, max = 17 
4 Select from the list below to fill in the blanks. 
minimum, Q1, Оо, Оз, maximum. 
а The top 25% of data аге above (6 
b The middle 50% of data are between and 
c The lowest or first 25% of data are between the and 
d The highest or last 25% of data are between _ апа the 
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Example 13 Constructing box plots with no outliers 


Consider the given data set. 

12 20 14 iil 15 10 18 17 21 27 

a Find the five-figure summary (i.e. the minimum, lower quartile (Q1), median (Q2), upper quartile 
(Q3) and the maximum). 

b Draw a box plot to summarise the data. 


Solution Explanation 
а 10 ш (и 15) e Ой 26 727 Order the data from smallest to largest. 
j Qı О,- мн 9 | Locate the median (Q2) first. For 10 data values 
tee 20 тах there are two middle values, 15 and 17. Average 


these to find Оо. 


Split the data in half at the median. Q; is the 
middle value of the lower half. Оз is the middle 
value of the upper half. The minimum is the 
smallest value and the maximum the largest 
value. 


Minimum - 10 
Qı = 12, О2-16, Q3 = 21 
Maximum - 27 


b — L1 "1L Draw an even scale, covering the minimum and 


Me ccce л тэ Па mv altis: 
Mark the minimum (10), О, (12), Q2 (16), 
Оз (21) and the maximum (27) to draw the 
box plot. 


Now you try 


Consider the given data set. 

56 32 44 45 60 55 54 38 40 44 54 52 

a Find the five-figure summary (i.e. the minimum, lower quartile (Q1), median (Q2), upper quartile 
(Q3) and the maximum). 

b Draw a box plot to summarise the data. 


5 Consider the data sets below. 

i Find the five-figure summary (minimum, Q1, Оо, Qs, maximum). 
ii Draw a box plot to summarise the data. 

11,15,18, 17, 1,2, 8, 12, 19, 15 

0,1,5,4,4,4,2,3,3,1,4,3 

124, 118, 119, 117, 120, 120, 121, 118, 122 

62, 85, 20, 34, 40, 66, 47, 82, 25, 32, 28, 49, 41, 30, 22 


оо clt» 
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Example 14 Constructing box plots with outliers 


Consider the given data set. 


59 d 3560557 01] 935 


а Determine the quartiles Q1, Q2 and Q3. 
b Determine whether any outliers exist. 
с Draw a box plot to summarise the data, marking outliers if they exist. 


Solution Explanation 
а 2739 3:405 5) @ (5 6 6 7 9 12 Order the data to help find the quartiles. 
| | | Locate the median О» (i.e. the middle value), 
Q then split the data in half above and below this 
Qi Qs value. 
Q Eod | 6-47 f А 
ку Dac Qı is the middle value of the lower half and Q3 
S25 =65 is the middle value of the upper half. Average 
the two middle values to find the median. 
MORSE E aF) Determine IQR = Оз = Qj. 
Check for any outliers; i.e. numbers below 
– 1.5 x IQR =3.5- 1.5 х3 | 
Qi о E _ Qı = 1.5 x IQR or above О» + 1.5 х IQR. 
Q3 +1.5 x IQR =6.5+1.5x3 
zl 
-. 12 is an outlier. There are no data below —1 but 12 > 11. 


c ЇЕ х Draw a line and mark in a uniform scale, 


Sees ere ee — reaching from 2 to 12. Sketch the box plot by 

2 9 45 @ Fas Ose marking the minimum 2 and the outlier 12, 
and Оу, О» and Оз. The end of the five-point 
summary is the nearest value below 11; i.e. 9. 


Now you try 
Consider the given data set. 
10, 8, 11, 9, 8, 22, 15, 10, 12 


a Determine the quartiles Q1, Q2 and Q3. 
b Determine whether any outliers exist. 
c Draw a box plot to summarise the data, marking outliers if they exist. 


527 


6 Consider the data sets below. Hint: a 
i Determine the quartiles Qj, Qo and Q3. Outliers are more than Q3 + 1.5 х IQR 
Ч : A : or 
ii Determine whether any outliers exist. 22075027) 
її Draw a box plot to summarise the data, Mark with a X. 
marking outliers if they exist. The next value above or below an outlier 

a 465234413876 is used as the new end of the whisker. 

р 1.8, 1.7, 1.8, 1.9, 1.6, 1.8, 2.0, 1.1, 1.4, 1.9, 2.2 

с 21,23, 18,11, 16,19, 24, 21, 23, 22, 20, 31, 26, 22 

d 37, 48, 52, 51, 51, 42, 48, 47, 39, 41, 65 
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Problem-solving and reasoning 


7 A butcher records the weight (in kilograms) of a dozen parcels of sausages sold on one morning. 


L6 19-20. 20 24-22 
22 2% 25 22 38 39 


а Write down the value of: 


i the minimum ii О, 
ili О» iv О» 
v the maximum vi IQR 


b Find any outliers. 
c Draw a box plot for the weight of the parcels of sausages. 


8 Joel the gardener records the number of days that it takes for 11 special bulbs to germinate. The 
results are: 
8 14 15 15 16 16 16 17 19 19 24 
a Write down the value of: 
i the minimum ii О, ili Qo 
іу Q5 v the maximum vi IQR 
b Are there any outliers? If so, what are they? 
с Draw a box plot for the number of days it takes for the bulbs to germinate. 
9 Consider these parallel box plots, A and B. 


A | EE " e 
Hint: Parallel box plots are two box plots 74 


<< m H that can be compared using the same 
1 3 5 7 9 11 13 15 17 19 21 23 scale. 
Compare the box plots at each point of 
a What statistical measure do these box plots have the five-figure summary. 


in common? 
b Which data set (A or B) has a wider range of values? 
c Find the IQR for: 

i data set A ii data set B 


d How would you describe the main difference between the two sets of data from which the parallel 
box plots have been drawn? 


Ж Creating parallel box plots = 


10 Fifteen essays are marked for spelling errors by a particular examiner and the following numbers of 
spelling errors are counted. 
3,2,4, 6, 8,4, 6, 7,6, 1,7, 12, 7, 3,8 
The same 15 essays are marked for spelling errors by a second examiner and the following numbers of 
spelling errors are counted. 
12,7,9, 11, 15, 5, 14, 16, 9, 11, 8, 13, 14, 15, 13 


a Draw parallel box plots for the data. 
b Do you believe there is a major difference in the way the essays were marked by the two 
examiners? If yes, describe this difference. 


This activity can be found in the interactive textbook in the form of a printable PDF. 
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2 Chapter 5 Statistics 


J) 1 Name the type of data that would be generated by the following survey questions. 
a What is your favourite sport? 
b How many times did you exercise in the past week? 


15) 2 Twenty-five people were surveyed as to the number of hours of sleep they had the previous 
night. The data are listed below. 


@ э б ® 7 @5 8 © 
ПОТОА Эи 57 
1053 7 5 7 I0 69 


a Organise the data into a frequency table using class intervals of 3, starting with 0-, then 
3- etc. Include a percentage frequency column. 

b Construct a histogram for the data, showing both the frequency and percentage 
frequency on the one graph. 

c What percentage of people surveyed had fewer than 6 hours sleep? 

d Which interval is the most frequent? 


A 
нэ 
С 
0 
0 
Ф 
ы 
Q) 
O 
= 

ай 


3 This dot plot shows the number of days a group of students 
did homework in a week. 


a How many students were surveyed? ооо с 

b What was the mode number of days of homework? EUM : : : 1 : : x 
с What was the median number of days of homework? Ot 9 3-4 5 6 7 

d What was the mean number of days of homework? Number of days 

e What was the range of the number of days of homework? 


4 Consider the given data set. 


7 11 46 42 34 40 24 45 15 22 
21 16-49 25 33 30 47 30 3 48 


а Organise the data into an ordered stem-and-leaf plot. 
b Describe the distribution of the data as symmetrical or skewed. 
с Use the stem-and-leaf plot to find: 

i the mode ii the median 


5 For the following data set, find the: 
te}, 19,223), 1027. Э), WO), 2097. BS! 
a mean b median c range 


6 Consider the given data set. 
10 159 8 15 22 its Ш 20 
a Find the upper quartile (Q3) and lower quartile (Q1). 
b Determine the IQR. 

7 The data below show the number of cars that travel 
down a particular road between 5:30 p.m. and 6 p.m. 
each day for a week. 

0 82 75 49 102 110 97 

a Determine the quartiles Qj, Q2 and Q3. 
b Determine whether any outliers exist. 

c Draw a box plot to summarise the data. 
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5G Time-series data 


e То understand that time-series data is data recorded at regular time intervals 
e To be able to plot a time-series graph 

e То be able to describe any trends in the data of a time-series graph 

Key vocabulary: time-series data, linear, trend 


A time series is a sequence of data values that are recorded 
at regular time intervals. Examples include temperature 
recorded on the hour, speed recorded every second, 
population recorded every year and profit recorded every 
month. A line graph can be used to represent time-series 
data. This can help to analyse the data, describe trends and 
make predictions about the future. 


o Lesson starter: Changing temperatures 


The average monthly maximum temperature for a city is А 
illustrated by this graph. 3) 30 
e Describe the trend in the data at different times of b E 
the year. s 
e Explain why the average maximum temperature СА p 
for December is close to the average maximum X 10 
temperature for January. х 5 
e Do you think this graph is for an Australian 0 BO ae ee ee Бей ae 
city? Explain. БЕРЕЗ 5222028 
e |f another year of temperatures was included on this Мэнд 


graph, what would you expect the shape 
of the graph to look like? 

e Do you think this city is in the Northern Hemisphere 
or the Southern Hemisphere? Give a reason. 


8 Time-series data are recorded at regular time intervals. 


8 The graph or plot of a time series uses: 
e time on the horizontal axis 
* line segments connecting points on the graph 


Variable 


8 If the time-series plot results in points being on or near a * == 
n : m. Un ime 
straight line, then we say that the trend 16 linear. 4 
Downward 
Р» 
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Exercise 5G 


Understanding 


1,2 


1 Describe the following time-series plots as having a linear (i.e. straight line) trend, non-linear trend (i.e. 


a smooth curve) or no trend. 
a b 


Variable 
Variable 


Р» 
Тїте Тїте 
с d А 
К 
® ® 
Ёс: - 
5 E 
2 = 
z> 
Time > 
Time 
2 This time-series graph shows the temperature over the course 
of 8 hours of a day. кос 
а State the temperature at: 722 
: 5 28 
i 8am. 8 
ii noon о 24 
; & 20 
b What was the maximum temperature? E 
c During what times did the temperature: о 
i stay the same? v s 
ii decrease? ы” a 
d Describe the general trend in the temperature for the 
8 hours. 


Fluency 


Example 15 Plotting and interpreting a time-series plot 


The approximate population of a small town was recorded from 2000 to 2015. 


Year 12000 2001 | 2002 |2003 |2004 |2005 |2006 


2007] 2008 2009 |2010|2011 |2012 |2013 |2014 |2015 


Population |1300|1250|1250 1150|1000| 950 | 900 


950 | 800 | 700 | 800 | 750 | 850 | 950 | 800 | 850 


a Plot the time-series graph. 
b Describe the trend in the data over the 16 years. 
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Solution Explanation 
a Population of town Use time on the 
horizontal axis. Break 
1300 the y-axis so as to not 
1200 include 0-700. Label 
= 1100 an even scale on each 
8 1000 axis. Join points with 
= 900 line segments. 
S 
~ 800 
700 
Zi 
> 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Time (year) 
b The population declines steadily for the first 10 years. The population Interpret the overall 
rises and falls in the last 6 years, resulting in a slight upwards trend. rise and fall of the 
lines on the graph. 
Now you try 


The approximate population of a small town was recorded from 2005 to 2015. 


Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 
Population | 550 | 500 | 550 | 600 | 700 | 650 | 750 | 750 | 850 | 950 | 900 


i Plot the time-series graph. Break the y-axis so it does not include 0-500. 
ii Describe the general trend in the data over the 11 years. 


3 A company’s share price over 12 months is recorded in this table. 


Month J F М | А | М J J A 5 0 N D 
Price ($) | 1.30) 1.32 11.35 | 1.34) 1.40 | 1.43 | 1.40 | 1.38 | 1.30 | 1.25 | 1.22 | 1.23 


a Plot the time-series graph. Break the y-axis to exclude Hint: The scale on the vertical axis will T 
values from $0 to $1.20. need to include from $1.20 to $1.43. 
| ! : | Choose an appropriate scale. Month will 
b Describe the way in which the share price has changed be on the horizontal axis. 


over the 12 months. 
c What is the difference between the maximum and minimum share price in the 12 months? 


4 The pass rate (%) for a particular examination is given in this table. 


Year 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 
Pass rate (%) | 74 71 73 79 85 84 87 81 84 83 


a Plot the time-series graph for the 10 years. 

b Describe the way in which the pass rate for the examination has changed in the given 
time period. 

c In what year is the pass rate a maximum? 

4 By how much has the pass rate improved from 2006 to 2010? 
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5 This time-series plot shows the upwards trend of house prices in an Adelaide suburb over 
7 years from 2013 to 2019. 


A 


Hint: Recall that a linear trend has the Ф 
points оп or near a straight line. 


a Would you say that the general trend in house prices is linear or non-linear? 


b Assuming that the trend in house prices continues for this suburb, what would you expect the 
house price to be in: 


i 2020? 
ii 2022? 


Hint: $'000s means 22 A 
6 The following data show the monthly sales of strawberries ($'0005) fora represents $22 000. | 
рагїїси!аг уеаг. 
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec 
Sales ($’000s) | 22 14| 9 [1112 [9 [7| 9 | 8 | 10] 18 | 25 


a Plot the time-series graph for the year. 
b Describe any trends in the data over the year. 
€ Give areason why you think the trends you observed may have occurred. 


7 The two top-selling book stores for a company list their sales figures for the first 6 months of the year. 
Sales amounts are in thousands of dollars. 


July | August | September | October | November | December 
City Central ($'000) | 12 13 12 10 11 13 
Southbank (97000) 17 19 16 12 13 9 


a What is the difference in the sales volume for: 


i August? 
ii December? 


How many months did the City Central store sell more books than the Southbank store? 
Construct a time-series plot for both stores on the same set of axes. 


d Describe the trend of sales for the 6 months for: 


i City Central 
ii Southbank 


e Based on the trend for the sales for the Southbank store, 
what would you expect the approximate sales volume to be in January? 
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8 Two pigeons (Green Tail and Blue Crest) each have a beacon that 


communicates with a recording machine. The distance of each 
pigeon from the machine is recorded every hour for 
8 hours. 


a State the distance from the machine at 3 p.m. of: 


i Blue Crest ii Green Tail 

b Describe the trend in the distance from the recording machine 
for: 
i Blue Crest ii Green Tail 


с Assuming that the given trends continue, predict the time 
when the pigeons will be the same distance from the 
recording machine. 


Non-linear trends 


9 


10 
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The balance of an investment account is shown in this time-series 
plot. 


a Describe the trend in the account balance over the 7 years. 


b Give a practical reason for the shape of the curve that models 
the trend in the graph. 


A drink at room temperature is placed in a fridge that is 
at 4°C. 


a Sketch a time-series plot that might show the temperature 
of the drink after it has been placed in the fridge. 


Would the temperature of the drink ever get to 3°C? Why? 


Distance (km) 
н NU БВ л oc мм со 


Le РЕК ДЕ 
МУАУ 948488 


Time (hours) 


N 
Ол 


N 
о 


15 


Balance (97000) 


Record the temperature at regular intervals of a drink at room temperature that is placed in 
a fridge. Plot your results and compare them to your answer in part a. 
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5H Bivariate data and scatter plots 


e To know that bivariate data is data that involves two variables 

e То be able to construct a scatterplot for bivariate data 

e Tobe able to describe the correlation of the data in a scatter plot 

Key vocabulary: bivariate data, scatter plot, correlation, association, outlier 


When we collect information about two variables in a given context we are collecting bivariate data. As 
there are two variables involved in bivariate data, we use a number plane to graph the data. These graphs 
are called scatter plots and are used to show a relationship that may exist between the variables. Scatter 
plots make it very easy to see the strength of the relationship between the two variables. 


Height 
x 
x 


Weight 


© Lesson starter: A relationship ог not? 


Consider the two variables in each part below. 

e Would you expect there to be some relationship between the two variables in each of these cases? 

e |f you feel that a relationship exists, would you expect the second-listed variable to increase or to 
decrease as the first variable increases? 


Height of person and Weight of person 
Temperature and Life of milk 

Length of hair and IQ 

Depth of topsoil and Brand of motorcycle 
Years of education and Income 

Spring rainfall and Crop yield 

Size of ship and Cargo capacity 

Fuel economy and CD track number 
Amount of traffic and Travel time 

Cost of 2 litres of milk and Ability to swim 
Background noise and Amount of work completed 


J- — шс нонво то 


8 Bivariate data is data that involves two variables. 
e The two variables are usually related; for example, height and weight. 


8 A scatter plot is a graph оп a number plane in which the axes variables correspond to the two 
variables from the bivariate data. Points are marked with a cross. 


8 The words relationship, correlation and association are used to describe the way in which the 
variables are related. 
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8 Types of correlation: 
e The correlation is positive if the y variable generally increases as the x variable increases. 
e The correlation is negative if the y variable generally decreases as the x variable increases. 


Examples: 

Strong positive Weak negative 

correlation correlation No correlation 
y y 

S x x 
2 х х х 
x X 

As x increases, As x increases, As x increases, there is 
y Clearly increases. у generally decreases. по particular effect on y. 


8 An outlier can be clearly identified as a data point that is isolated 
from the rest of the data. 


Exercise 5H 


Understanding з щш юа 


1 Decide whether it is likely or unlikely that there will be а strong relationship between these pairs 
of variables. 
а Height of door and Width of door 


b Weight of car and Fuel consumption 
c Temperature and Length of phone calls 
d Colour of flower and Strength of perfume 
e Amount of rain and Size of vegetables in the vegetable garden 
2 Complete the following using the word increases or decreases. 
a For a positive correlation the y variable generally as the x variable increases. 
b Fora negative correlation the y variable generally as the x variable increases. 


3 For these scatter plots, choose two words from those listed below to best describe the 
correlation between the two variables. 
strong weak positive negative 
а у b y с y 
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4,5 
Example 16 Constructing and interpreting scatter plots 


Consider this simple bivariate data set. 
X 13 9 2 17 3 6 8 15 
y 231 4.0 6.2 1.3 979 0.9 BES 1.6 


а Draw a scatter plot for the data. 
b Describe the correlation between x and y as positive or negative. 
c Describe the correlation between x and y as strong or weak. 
d Identify any outliers. 
Solution Explanation 
a Draw an appropriate scale on each axis by 
looking at the data: 
7 e xisupto 17 
6 e yisup to 6.2 
> The scale must be spread evenly on each axis. 
Ё Plot each point using a cross symbol on graph 
: paper. 
2 
1 х 
X 
O 2346 3 10 12 14916418 
b Negative correlation Looking at the scatter plot, as x increases y 
decreases. 
c Strong correlation The downwards trend in the data is clearly 
defined. 
d The outlier is (6, 0.9). This point defies the trend. 
Now you try 


Consider this simple bivariate data set. 
x 9 6 4 3 8 2 1 10 
у 11 8 4 4 5 2 3 127 


a Draw a scatter plot for the data. 
b Describe the correlation between x and y as positive or negative. 
c Describe the correlation between x and y as strong or weak. 
d Identify any outliers. 
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4 Consider this simple bivariate data set. 


Hint: 
х|11213 (14 5.6 7.8 Correlation 
y/ 1.0) 1.1}1.3}1.3) 1.4) 1.6) 1.8] 1.0 
x x 
a Draw a scatter plot for the data. х Х = х 
. . T " х 
b Describe the correlation between х апа у as positive or negative. x* x 
Describe the correlation between x and y as strong or weak g = 
“нээ у 9 i Strong Weak 
d Identify any outliers. positive negative 
5 Consider this simple bivariate data set. 
Xx 14 8 7 10 11 15 6 9 10 
у 4 2.5 2.5 1,5 1,5 0.5 3 2 2 
a Draw a scatter plot for the data. 
b Describe the correlation between x and y as positive or negative. 
c Describe the correlation between x and y as strong or weak. 
d Identify any outliers. 


By completing scatter plots for each of the following data sets, describe the correlation between 


x and y as positive, negative or none. 


atx fit] is] 12713 717719 | 16 | 16 7 14 | 10 | 15 
у | 22 | 12 | 19 | 15 | 10 | 9 14 | 13 | 16 | 23 | 16 
b [x] 4 3 1 7 8 10 6 9 5 5 
у | 115 | 105 | 105 | 135 | 145 | 145 | 125 | 140 | 120 | 130 
c | x |28 | 32 | 16 ] 19 | 21 | 24 | 27 | 25 | 30 | 18 
y |13 | 25122 | à [| 46 | 9119 [25 | i$. 12 
Problem-solving and reasoning 7,8 


7 A tomato grower experiments with a new organic fertiliser and sets up five separate garden beds: A, 
B, C, D and E. The grower applies different amounts of fertiliser to each bed and records the diameter 
of each tomato picked. 

The average diameter of a tomato from each garden bed and the corresponding amount of fertiliser 
are recorded below. 


Bed A B С р Е 
Fertiliser (grams рег week) 20 25 30 35 40 
Average diameter (cm) 6.8 7.4 7.6 6.2 8.5 
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Draw a scatter plot for the data with 'Diameter' on the 
vertical axis and 'Fertiliser' on the 


horizontal axis. Label the points A, B, C, D and E. 
Which garden bed appears to go against the trend? 


According to the given results, would you be confident 
saying that the amount of fertiliser fed to tomato plants 
does affect the size of the tomato produced? 
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ES 8 For common motor vehicles, consider the two variables Engine size (cylinder volume) and Fuel 
economy (number of kilometres travelled for every litre of petrol). 
a Do you expect there їо be some relationship between these two variables? 
b Asthe engine size increases, would you expect the fuel economy to increase or decrease? 
c The following data were collected for 10 vehicles. 


Car A B C D E F G H | 4 
Engine size 1.1 12 1.2 1.5 1.5 1.8 2.4 3.3 4.2 5.0 
Fuel economy 21 18 19 18 17 16 15 20 14 11 


i Do the data generally support your answers to parts а and b above? 
ii Which car gives a fuel economy reading that does not support the general trend? 


9 On 14 consecutive days a local council measures the volume of sound heard from a freeway at various 
points in a local suburb. The volume (V) of sound, in decibels, is recorded against the distance (d), in 
metres, between the freeway and the point in the suburb. 


d | 200 | 350 | 500 | 150 | 1000 | 850 | 200 | 450 | 750 | 250 | 300 | 1500 | 700 | 1250 
V | 4.3 137 |29 (451 2.1 12.3 | 4413.3 |28 |41 |36 | 1.[7 | 30] 22 


a Draw a scatter plot of V against d, plotting V on the vertical axis and d on the horizontal axis. 
b Describe the correlation between d and V as positive, negative or none. 
c Generally, as d increases, does V increase or decrease? 


10 A person presents you with this scatter plot and suggests to you that there y 
is a strong correlation between the amount of sleep 


and exam marks. What do you suggest is the problem with the E 
person's graph and conclusions? g 100 
S 50 ж 
5 
Х 
О 48 


Amount of sleep (hours) 


> $ Crime rates and police 


11 А government department is interested in convincing the electorate that a large number of police on 
patrol leads to lower crime rates. Two separate surveys are completed over a 1-week period and the 
results are listed in the table below. 


Area A B [e D E F G 


Number of police 15 21 8 14 19 31 17 
Survey 1 | . 

Incidence of crime 28 16 36 24 24 19 21 

Number of police 12 18 9 12 14 26 21 
Survey 2 | : 

Incidence of crime 26 25 20 24 22 23 19 


a Using scatter plots, determine whether or not there is a relationship between the number of police 
on patrol and the incidence of crime, using the data in: 


і survey 1 ii survey 2 2 
b Which survey results do you think the government will use т н WiL pe опе 


to make its point? Why? 
This activity is available on the companion website as a printable PDF. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


51 Line of best fit by eye 303 
51 Line of best fit by eye * 


e То know that a straight line can be fitted by eye to bivariate data with a positive or negative linear correlation 
e То know how to fit a line of best fit by eye 

e То be able use a line of best fit to find unknown points using both interpolation and extrapolation 

Key vocabulary: bivariate data, line of best fit (trend line), interpolation, extrapolation, linear, correlation 


When bivariate data have a strong linear correlation, we can model the data with a straight line. This line 
is called a trend line or line of best fit. When we fit the line 'by eye', we try to balance the number of data 
points above the line with the number of points below the line. This trend line can then be used to 
construct other data points inside and outside the existing data points. 


o Lesson starter: Size versus cost 


This scatter plot shows the estimated cost of building a house of a 

given size by a building company. A trend line has been added to the 

scatter plot. 

e Why is it appropriate to fit a trend line to this data? 

e Do you think the trend line is a good fit to the points on the 
scatter plot? Why? 

* How can you predict the cost of a house of 1000 m? with this - 
building company? О ^ 200 400 600 800 

Size of house (m2) 


Cost of construction (57000) 


8 For bivariate data showing a clearly defined positive or negative correlation, a straight line can be 
fitted by eye. 


8 Aline of best fit (or trend line) is positioned by eye by balancing the number of points above the 
line with the number of points below the line. 


* The distance of each point from the trend line also needs to be taken into account. 
e Outliers should be ignored. 


8 The line of best fit can be used for: y 
e interpolation: finding unknown points 
within the given data range 
* extrapolation: finding unknown points 
outside the given data range 


> X 
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Exercise 5l 


Understanding 1-3 


1 a When is it suitable to add a line of best fit to a scatterplot? 
b Describe the general guideline for placing a line of best fit. 


2 Practise fitting a line of best fit on these scatter plots by trying to balance the number of points above 
the line with the number of points below the line. (Using a pencil might help.) 
d 


3 For the graph, with the given line of best fit shown, choose from interpolation or extrapolation to 
complete the following. 


a Estimating the y value when x = 6 n 
is an example of 6 

b Estimating the y value when x = 10 5 
is an example of 4 

3 

2 

1 


» y 
O 12345678910 


Fluency 


Example 17 Fitting a line of best fit 


Consider the variables x and y and the corresponding | 
bivariate data. | 


Га 2 ER Е ЕЕЕ 
210 
а Draw a scatter plot for the data. 
b Is there positive, negative or no correlation between x and y? 
c Fit a line of best fit by eye to the data on the scatter plot. 
d Use your line of best fit to estimate: 


i ywhen x = 3.5 ii y when x =0 
iii x when у= 1.5 iv x when у= 5.5 
Solution Explanation 
а у Plot the points on graph paper. 
A 
6 
5 x 
4 xx 
3 x 
2) xx 
1 х 
x 


51 > 
O 123450678 
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b Positive correlation As x increases, y increases. 
с y Since a relationship exists, draw a line on the plot, 
À keeping as many points above as below the line. 
От жай Е rr Seen ret Rn IERE (There are no outliers in this case.) 
5 i 
4 | 
2 І І 
1.5|---- ! ! 
1 i i 
7, 
d i y=27 Start at x = 3.5. Draw a vertical line to the line of best 
ii у= 0.4 fit, then draw a horizontal line to the y-axis and read off 
llx-l7 your solution. 
| Extend vertical and horizontal lines from the values given 
iv х= 7.8 i 
and read off your solution. 
As they are approximations, we use the = sign and not 
the = sign. 
Now you try 
Consider the variables x and y and the corresponding x 1 э[э [| 4 [ 5 
bivariate data. ж | | 7|[@@[5]929 


а Draw a scatter plot for the data. 
b Is there positive, negative or no correlation between x and y? 
c Fita line of best fit by eye to the data on the scatter plot. 
d Use your line of best fit to estimate: 
i умћеп x=4.5 ii y when x 0 
iii x when у = 7.5 iv x when y 2 1.5 


4 Consider the variables x and y and the corresponding bivariate data. 


Hint: Locate x — 3.5 and 
x 1 2 3 + 5 6 7 read off the p-value for part di. 


y 2 2 3 4 4 5 5 


Draw а scatter plot for the data. 

Is there positive, negative or no correlation between x and y? 
Fit a line of best fit by eye to the data on the scatter plot. 
Use your line of best fit to estimate: 

i ywhenx=3.5 ii y whenx-0 іі хмһепу=2 iv xwheny- 5.5 


оо C o 


5 Consider the variables x and y and the corresponding data below. 


x 1 2 4 5 7 8 10 12 
17 20 16 17 16 14 13 9 10 


Draw a scatter plot for the data. 

Is there a positive, negative or no correlation between x and y? 

Fit a line of best fit by eye to the data on the scatter plot. 

Use your line of best fit to estimate: 

i ywhenx=7.5 ii умһепх=0 iii x wheny=12 iv xwheny=15 


© с З ® 
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51) 6 For the following scatter plots, pencil in a line of best fit by eye, and then use your line 
to estimate the value of y when x = 5. 


a y b » 
10 ur 20 xx 
x х 
x x x 
5 10 x 
x x LX х 
x X x X 
Ї T т>» X T T To X 
O 5 10 2 5 10 
с y d y 
104» 100 
х х 
05] x тетен 
х X x 
x 21 Т T» X 
О Т Т Т B т» X 5 10 
25 5 7.5 10 
7 This chart shows data for the number of people entering a y 
suburban park and the corresponding maximum temperature E ix А 
for 10 spring days. 9 - Xx 
a Generally, as the maximum daily temperature S 751 TR 
increases, does the number of people who enter 5 3504 ” 
. Л х 
the park increase ог decrease? E 25 4 б 
4 x 
b Draw a line of best fit by eye on the given chart. = Ó $j rr 
| | | 5 10 15 20 25 
c Use your line of best fit to estimate: Max. temperature (°C) 


i the number of people expected to enter the park if the 
maximum daily temperature is 20°C 

ii the maximum daily temperature when the total number 
of people who visit the park on a particular day is 25 
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Problem-solving and reasoning 


8,9 


8 Asmall bookshop records its profit and number of customers for the past 8 days. 


Number of customers 


6 


12 


15 


9 


8 


Profit (5) 


200 


450 


550 


300 


350 


5 | 8 
250 | 300 


a Draw a scatter plot for the data, using profit on the 


vertical axis. 


Fit a line of best fit by eye. 
Use your line of best fit to predict the profit for 17 customers. 
Use your line of best fit to predict the number of customers for a $100 profit. 


Hint: For 17 customers, you will need to NC 
extend your line beyond the data. This is 


called extrapolation. 


9 Over eight consecutive years, a city nursery has measured the growth of an outdoor bamboo species 
for that year. The annual rainfall in the area where the bamboo is growing was also recorded. 
The data are listed in the table. 


Rainfall (mm) 450 


620 


560 


830 


680 


650 


720 


540 


Growth (cm) 25 


45 


25 


85 


50 


55 


50 


20 


a Draw a scatter plot for the data, showing growth on the vertical axis. 
Fit a line of best fit by eye. 
Use your line of best fit to estimate the growth expected for the following rainfall readings. 


i 500mm ii 900 mm 
d Use your line of best fit to estimate the rainfall for a given year if the growth of the bamboo is: 
i 30cm ii 60 cm 
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ID 10 Ata suburban sports club, the distance record for the hammer throw has increased over time. The 
first recorded value was 72.3 m in 1967. The most recent record was 118.2 m in 1996. Further details 
are in this table. 


Year 1967 


1968 


1969 1976 1978 1983 1987 1996 


New record (m) 72.3 


73.4 


101.2 111.6 118.2 


82.7 94.2 99.] 


Draw a scatter plot for the data. 


b Fita line of best fit by eye. 
Use your line of best fit to estimate the distance record for the hammer throw for: 


C 


i 2000 


ii 2015 


Would you say that it is realistic to use your line of best fit to estimate distance records beyond 


2015? Why? 


Heart rate and age 


11 Two independent scientific experiments confirmed a correlation between Maximum heart rate and 
Age. The data for the two experiments are in this table. 


Experiment 1 


Age (years) 15 | 18 | 22 | 25 | 30 | 34 | 35 | 40 | 40 | 52 | 60 | 65 | 71 
Max. heart rate (bpm) | 190 | 200 | 195 | 195 | 180 | 185 | 170 | 165 | 165 | 150 | 125 | 128 | 105 
Experiment 2 

Age (years) 20 | 20 | 21 | 26 | 27 | 32 | 35 | 41 | 43 | 49 | 50 | 58 | 82 
Max. heart rate (bpm) | 205 | 195 | 180 | 1851 175 | 160 | 160 | 145 | 150 | 150 | 135 | 140 | 90 
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Sketch separate scatter plots for experiment 1 and experiment 2, with age on the horizontal axis. 
By fitting a line of best fit by eye to your scatter plots, estimate the maximum heart rate for a 
person aged 55 years, using the results from: 


i experiment 1 


il experiment 2 


Estimate the age of a person who has a maximum heart rate of 190 bpm, using the results from: 


i experiment 1 


ii experiment 2 


For a person aged 25 years, which experiment estimates a lower maximum heart rate? 
Research the average maximum heart rate of people by age and compare with the results 


given above. 
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Maths@Work: Project manager 


on a building site 


Project managers can be responsible for 
coordinating a building site. They need to be 
organised, must be able to read and interpret 
plans, manage staff, coordinate the supply and 
costs of labour and equipment, as well as solve 
problems when unexpected situations arise on 
the worksite. 


Project managers also need to evaluate their 
staff. Performance reviews are often used to 
evaluate staff performance. In some companies, 
bonuses and other incentives are linked to these 
reviews. 


The performance review below is from a 
worksite, and used by the project manager to 
review their staff. 


Use the performance review data in the table on the next page to answer the following questions that a 
project manager may face in their day-to-day job. 


1 Consider trainee A. 
a Calculate their mean score on this review. UU 
А К : Hint: Don’t forget to order the data | 
b What is their median score? 
c Write down the five-figure summary from the data given 
in this review. 


2 Consider trainee B. = | ч 
Calculate thei Ч! à Hint: The five-figure summary includes 
a aiculate their mean score on this review. min, 01 Q5, 0з and max. 


b Whatis their median score? 
c Write down the five-figure summary from the data given in this review. 


before finding the median. 


3 Display the data for all three trainees in parallel box plots on the same scale. 


4 Compare the competency of trainees A, B and C by listing the following for each trainee. Then decide 
who is the most competent trainee, giving reasons. 

mean 

median 

lowest score 

highest score 

interquartile range 

range 


ооо оо 
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Performance review 


Competency - please score 0 to 10 Trainee A Trainee B Trainee C 
1. Please score the individual’s punctuality when arriving to work. 9 8 8 
2. Please score the individual’s attitude when performing required 

8.5 9 6.5 
tasks. 
3. Once the individual has completed a task, do they ask for 
Ж 8 8 5 
additional work? 
4. How would you score the individual's willingness to learn? 9.5 8 6 
5. How would you score the individual’s application to 8 7 6 
competencies or requirements, as taught by the site team? 
6. Please score the individual’s accuracy when performing 
Я 85 S 65 
required tasks. 
7. Please score the individual’s skills in email, faxes and letter 7 8 8.5 
writing. 

8. Please score the individual’s skills in drafting site instructions. MS 7 5 
9. Please score the individual's skills in drafting or issuing RFls. 8 6.5 5 
10. Please score the individual’s respect earned within the 8 75 55 

site/department team for their required role. i К 

11. Please score the individual’s respect earned with 

à Ч WS 7/ 5:9 
subcontractors for their required role. 

12. Please score the individual's respect earned with consultants 8 7 5 

for their required role. 

13. How would you score the individual’s application/focus to the 

: : 95 8 5 
required tasks you have assigned? 

14. Do you consider that the individual has integrated well with the 

) 9 8 4.5 
site/department team? 

15. Do you find that the individual has improved their skills while 8 75 55 

under your supervision? i : 

16. Would you take the individual to your next project to continue 

their competency training in other aspects of construction? 10 5 0 
Yes - score 10 Maybe - score 5 No - score 0 
17. How would you score the individual’s progression through their 
: 9 85 3 
required tasks? 


Using technology 


5 The following data gives the competency scores (C) for trainee D. 


C1 C2 C3 C4 C5 C6 C7 C8 C9 
9 7 7 7 6 7 7 6 6 
010 011 (012 013 014 015 C 16 C17 
7 8 6 7 9 8 3 8 
a Using a CAS calculator, enter the data for trainees B and D and draw parallel box plots. Note that 
an activity (‘Using calculators to draw box plots’) showing how to enter data and draw box plots for 
both the TI-Nspire and Class Pad is available in the interactive textbook. 
b Fortrainees B and D, write down the five-figure summaries from the box plots. 
с 


Compare the IQRs for trainee В апа D. Which IQR shows more consistent competency? Give 
reasons for your answer. 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


ISBN 978-1-108-87886-9 
Photocopying is restricted under law and this material must not be transferred to another party. 


© Greenwood et al. 2021 


Cambridge University Press 
Updated June 2023 


Modelling weather data 


Measurements of the weather, such as temperatures and rainfall, are collected daily by the BOM (Bureau 
of Meteorology). Weather data and corresponding tables and graphs are used to find trends and make 
forecasts that are especially important for farmers. 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Modelling 


Preliminary task 


The box plots below represent recent monthly maximum temperatures for Toowoomba and Longreach, 
Queensland. 


Monthly maximum temperatures ЇЕ Ора 


Е | | | | [E] Longreach 
Г Шан. Sa 


15 20 25 30 25) 40 45 
Monthly maximum temperatures in degrees Celcius 


a List the five-figure summaries (min, Q1, Оо, Q3, max) for Toowoomba and Longreach. 

b Which temperature is common to each five-figure summary, and what statistical measure is this 
value for Toowoomba and what statistical measure is this for Longreach? 

с State the range and IQR for Toowoomba and Longreach. 

d Which town do you consider has the hotter climate? Compare two statistical measures from the 
box plots to justify your conclusion. 


Modelling task 

For several years, including 2018, areas of Queensland and NSW suffered a devastating drought. ave 
The problem is to prepare a report that includes statistical models and comparisons of the monthly 

rainfall for 2018 to the overall mean monthly rainfall, for Narromine, NSW. 


Narromine monthly rainfall in mm 


Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec 
Means | 51 47 44 | 38 | 38 41 | 40 | 38 20 | 43 | 45 47 
2018 60 | 12 2 5 7 20 2 23 14 | 42 | 86 24 


(Wyanga station data, source: http://www.bom.gov.au/climate/data/) 


a Write down all the relevant styles of tables and graphs that are useful when comparing two sets 
of data. 
Solve 
Back-to-back stem and leaf plot 
b Construct an ordered back-to-back stem and leaf plot for the rainfall data given in the table 
above. Include a title and a key. 
c Describe how each distribution is bunched. Is the data symmetrical or skewed? 
For each set of data, determine the five-figure summary (min, О, Q2, Qs, max). 
e Calculate each IQR and determine if there is an outlier in either set of data. 


е. 
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Parallel box plots 


f Draw parallel box plots to summarise the data, marking outliers if they exist. 
g Consider the parallel boxplots and compare the 

i median values 

ii interquartile ranges (IQRs) 

iii minimum values 


Time-series graphs 


h Use Excel to develop a time-series graph for the two sets of data above. 
i Copy the Narromine monthly rainfall data, including the months, into an excel spreadsheet. 
ii Select the table, Insert/2D Line with Markers. Label the axes. 


pum i Describe the similarities and differences that you observe in the two time-series graphs. 


verify j Consider the parallel boxplots and compare the 2018 Q3 to the mean minimum value. 
Determine the proportion of months in 2018 that each received less rainfall than the minimum 
mean value. 


Communicate 


k Write a conclusion about the severity of the drought in this area. 


Extension task 


Prepare a report comparing the time-series graphs for the rainfall or temperature of both the mean and 
for a particular year in your hometown, or a town of your choice. 
a Complete your report on a word document, including the table and graph. 
b Describe the similarities, differences and any trends that you observe in the two time-series graphs. 
c Write a conclusion. 


Selecting data from BOM: 
i Оп the BOM website http:/www.bom.gov.au/climate/data/ select the type of data you want 
to find, enter the town’s name and choose a nearby weather station. 
ii Click ‘Get Data’ and find last year's monthly data and the overall monthly means. 
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Puzzles and games 313 


The mean mass of six boys is 71 kg. The mean mass of five girls 
is 60 kg. Find the mean mass of all 11 children together. 


Sean has a current four-topic average of 78% for Mathematics. What score does he need in the 
fifth topic to have an overall average of 80%? 


| am a data set made up of five whole number values. My mode is 2 and both my mean and 
median are 5. What is my biggest possible range? 


A single data set has 3 added to every value. Describe the change in the: 
a mean 

b median 

c range 


Find the interquartile range for a set of data if 7596 of the data is above 2.6 and 2596 of the data is 
above 3.7. 


ѕәшеб pue ѕәј22па 


| ат а data set with four whole number values. 
e |have a range of 8. 

e |have a mode of 3. 

e |have a median of 6. 

What are my four values? 


A single-ordered data set includes the following data. 
2,4, 5,6, 8, 10, х 
What is the largest possible value of x if it is пої an outlier? 


Describe what happens to the mean, median and mode of a data set if each 
value in the set is: 

а increased by 10 

b multiplied by 10 


At the end of 2019, the average rainfall in a town for the ten-year period just ended was 546mm. 
A year later, the ten-year average was 562mm and 654mm had fallen in 2020. 
What was the rainfall in mm in 2010? 
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Data Graphs for a single set of categorical or discrete data 
Numerical Dot plot Column graphs — Stem-and-leaf plot} 
e Discrete (1, 2, 3, ...) 
* Continuous 
(0.31, 0.481, ...) 


Categorical 
» Nominal 
(red, blue, ...) 
* Ordinal 
(low, medium, ...) 


Stem | Leaf 


Frequency 


High 
Very 
high 


fice Dees stes Measures of centre 


sum of all values 
number of scores 
e Median (05) = middle value 
of ordered data 
odd even 
number number 
14(6912 12240511 


A Median = = 


Регсепїаде 


Class interval | Frequency | frequency * Mean (x) = 


Percentage _ frequency 


Chapter summary 


frequency _ total median 2 


• Mode = most common value 
* A data set with two modes is 
bimodal. 


Histogram 


Statistics 


Frequency 
—nPN о 
frequency 


Measures of spread 
e Range = max — min 
e Interquartile range (IQR) = Q5 — 0, 


0 10 20 30 40 


Quartiles 


Q4: above 25% of the data (middle value of lower half) Box plots 
03: above 75% of the data (middle value of upper half) 


25% [— 25% 
2л иоил 2 ps 25% ——— 


54 A Min 00% 0, Outlier 
01=5 02=85 . 04-12 
ї 2 36 221111: 

A A A Time-series data 


(22-05 05-10 Downwards linear trend 


иа 


Bivariate data 
ө Two related variables 
* Scatter plot 
у 

line of Weak negative | Outliers 

best fit correlation No correlation * Single data set 

* - less than Q4 — 1.5 x IQR or 

more than Qs + 1.5 x IQR 

* Bivariate 


x x 
x x 
х A strong positive 


correlation 
» X 


— not in the vicinity of the rest of 
the data 
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Chapter checklist 


315 


Y 


1 


| can describe the type of data generated by a survey question. 
e.g. What type of data is generated by the survey questions, ‘What is your favourite fruit?’ and ‘How 
many mobile phones are there in your household?’ 


| can construct a frequency table and column graph. 
e.g. Twenty students were surveyed on their favourite school subject. The results were: 


Maths PE Science 
Maths History English 
Science English History 
Maths PE Maths 


M 


Lan 


aths 
PE 
guage 


History 


Language 


History 
Science 
Maths 


Construct a frequency table including the tally and frequency and construct a column graph for the data. 


| can work with a histogram. 


16 19 22 23 
26 28 34 52 
34 35 48 46 


42 
55 
50 


44 
46 
29 


36 
20 
26 


41 
22 
35 


28 


percentage of people surveyed who were 30 years of age or older. 


e.g. A sample of 25 people leaving a movie are asked their age. The data are listed: 


Organise the data into a frequency table, using class intervals of 10 and include a percentage frequency 
column. Construct a histogram showing both the frequency and percentage frequency and determine the 


| can interpret a dot p 


e.g. This dot plot shows the number of wins by a tennis player in each of the grand slams they entered 


over 3 years. 


lot. 


a How many grand slams did they play in? 
b What was the most common number of wins they had and 

the total number of wins in the 3 years? 
c Describe the data in the dot plot. 


О l| 23 4 5 у 
Number of wins 


| can construct a stem-and-leaf plot or back-to-back stem-and-leaf plot. 


e.g. Two sausage sizzles at two hardware stores sell the following number of sausages each week for a 


10-week period. 
Store 1 


32 44 28 36 52 


56 31 45 


42 47 


Store 2 


27 
34 


B5 
DO 


32 43 32) 
24 38 22) 


Construct an ordered back-to-back stem-and-leaf plot and describe the distribution of each store’s 


sausage sales. 


| can find the mean, mode and range. 
e.g. For the data set: 12, 7, 11, 14, 3, 7, find the: 


a mode 


b mean 


C 


range 


| can find the median. 


e.g. Find the median for the following data sets. 


а 18, 14, 25, 28,7, 11,15 


b 14, 19, 25, 16, 8, 1, 10, 30 
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ear 10 


| can calculate summary statistics from a graphical Stemi lear 
display. ЗҮС 
e.g. For the data in this stem-and-leaf plot, find the range, mode, 
median and mean. 2d 35 
310 0 5 
412 
2 | 3 means 23 


I can find the upper and lower quartiles and the interquartile range of a 
data set. 

e.g. For the data sets listed below, find the upper quartile (Q3) and the lower quartile (Q1) and hence 
the IQR. 

a 4,8, 12, 18, 16, 20, 24, 19 р 10.2, 11.4, 12.6, 9.8, 10.0, 15.6, 18 


| can find the five-figure summary and outliers. 
e.g. The following data set represents the price of 10 different refrigerators in a department store. 


$620 $540 $642 $457 $585 
$877 $1599 $918 $724 $840 
For the data set, find: 


а the five-figure summary b the lQR 
c апу outliers and give a possible reason why they are outliers 


11 


| can construct a box plot with and without outliers. 

e.g. For the data sets below, find the five-figure summary and whether any outliers exist. Draw a 
box plot to summarise the data, including outliers if they exist. 

015 29 21 Io 15 22 18 29 25 M 

1 29 35 26 24 32 24 18 31 44 02 56 30 28 


12 


| can plot and interpret a time-series graph. 
e.g. The approximate rainfall (in mm) for the 12 months of a year was recorded for Brisbane. 


[Month |] м/ АМ 014 А онро 


ааа рн no [zs us so [ss [7o o |o [so [s [ss оз 


Plot the time-series graph and describe the trend in the data over the 12 months. 


13 


| can construct and interpret a scatter plot. 

e.g. For the bivariate data set below, draw a scatter plot of the data, identify any outliers and 
describe the correlation between x and y choosing from the words: positive, negative, weak or 
Strong. 


14 


| can fit a line of best fit by eye. 
e.g. Consider the bivariate data in the table. 


Draw a scatter plot for the data and fit a line of best fit by eye. Use the line of best fit to estimate: 
a ywhenx-6 b xwheny- 18 
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5C 


9D 


9D 


5E 


5E 


oF 


Short-answer questions 


1 A group of 16 people was surveyed to find the number of hours of television they watch in a week. 


The raw data are listed: 
6, 5, 11, 13, 24, 8, 1, 12, 7, 6, 14, 10, 9, 16, 8, 3 


a Organise the data into a table with class intervals of 5. Start at 0—, 5— etc. Include a tally, frequency 


and percentage frequency column. 


b Construct a histogram for the data, showing both the frequency and percentage frequency on 


the graph. 


c Would you describe the data as symmetrical or skewed? 


A basketball team scores the following points per match for a season. 


20, 19, 24, 37, 42, 34, 38, 49, 28, 15, 38, 32, 50, 29 
a Construct an ordered stem-and-leaf plot for the data. 
b Describe the distribution of scores. 


For the following sets of data, determine: 
i the mean ii therange 
a 2,7,4,8,3,6,5 
b 10,55, 67, 24, 11, 16 
с 1.7,1.2, 1.4, 1.6, 2.4, 1.3 


Thirteen adults compare their ages at a party. They are: 

40, 41, 37, 32, 48, 43, 32, 76, 29, 33, 26, 38, 87 

a Find the mean age of the adults, to one decimal place. 

b Find the median age of the adults. 

с Why do you think the mean age is larger than the 
median age? 


Determine О, Q2 and О» for these sets of data. 
а 4,5,8,10,10, 11, 12, 14, 15, 17, 21 
р 14,6,2,23,11, 6, 15,14, 12, 18, 16, 10 


For the data set: 3, 7, 2, 10, 6, 21, 5,9, 6, 2, 8, 10. 
a Find the range and IQR of the data set 
b Find any outlier in the data set 


14еёчэ 


Ф 
m: 
= 
Ф 
= 
Ф 
= 


ili the median 


c Remove the outlier from the data set and find the new range and IQR. What do you notice? 


For each set of data below, complete the following tasks. 


i Find the lower quartile (Q1) and the upper quartile (Оз). 


ii Find the interquartile range (IQR = Оз — Q1). 
iii Locate any outliers. 
iv Draw a box plot. 

a 2,2,3,3,3,4,5,6,12 

b 11,12,15,15, 17, 18, 20, 21, 24, 27, 28 

Є 2407,21,28,23,20,26,L9,3.0, 2/2 
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Compare these parallel box plots, A апа В, and — Lr B 


answer the following as true or false. 


a The range for A is greater than the range = А 


for B. = Т Т Т Т Т T Т So E a 


b The median for A is equal to the median for B. 
c The interquartile range is smaller for B. 
d 75% of the data for A sits below 80. 


This time series plot shows six temperature 

readings taken over 5 hours. 

a Would you describe the trend as linear or 
non-linear? 

b During which hour does the largest 
temperature increase occur? 


х 


у N 
ON б 


> 
.Ф 
2 
Ф 
i 
мы 
Ф 
ү" 
©. 
(0 
„С 
О 


ы 
N 


Temperature (°C) 
N 
х 


N 
© 


5H 10 For the scatter plots below, describe the correlation between x and y as positive, negative 


or none. 
a y b y C у 
A 1 1 
хх х х 
х х 
х x x 
х х х х х 
X x Е й B 
x x T x x 
> xX »X > X 
5H 11 Consider the simple bivariate data set. 
x 1 4 3 2 1 4 3 2 5 5 
у 24 15 16 20 22 11 5 17 6 8 
a Draw a scatter plot for the data. 
b Describe the correlation between x and y as positive or negative. 
c Describe the correlation between x and y as strong or weak. 
d Identify any outliers. 
5| 12 The given scatter plot shows the maximum y 
length (x metres) and depth (y metres) of 
Үс 11 public pools around town. ç 4 
a Draw a line of best fit by eye. 8 3 m 
b Use your line to estimate the maximum Б х 
5 ; Ээ 2 х х х 
depth of a pool that is 50 т in length. = 
a 
аа 
T T T T TX 
20 40 60 80 100 
Length (х metres) 
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Multiple-choice questions 


5A 1 The number of pets in 10 households are recorded after a survey is conducted. О 
The type of data recorded could be described as: a 
A categorical and discrete B categorical and ordinal Q) 
0 categorical and nominal D numerical and discrete о 
Е numerical and continuous Ф 
Questions 2 and 3 refer to the stem-and-leaf plot below, at right. m 
5с 2 Theminimum score in the data is: Stem | Leaf © 
А 4 214 9 c 
B 0 311178 == 
С 24 41246 Ф 
D 38 sjo 4 = 
Е 54 4 | 2 means 42 
5с З The mode is: 
А 3 
В 31 
04 
р 38 
Е 30 
5D 4 The range and mean of 2,4, 3, 5, 10 and 6 are: 
A range = 8, mean = 5 
B range =4, mean = 5 
С range = 8, mean = 4 
D rangez2- 10, теап = 6 
E range- 8, mean- 6 
5D 5 The median of 29, 12, 18, 26, 15 and 22 is: 
A 18 B 22 C 20 D 17 E 26 
Questions 6-8 refer to the box plot below. 
шар 21-38 х 
є Т Т Т Т Т Т Т Т Т Т Т > 
2 4 6 8 10 12 14 16 18 20 22 
5E/F 6 The interquartile range (IQR) is: 
A 8 B 5 C 3 
D 20 E 14 
5F 7 The outlier is: 
A 2 B 0 б 20 р 16 Е 22 
5F 8 The median is: 
A 2 B 3 C 10 D 13 E 16 
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having: 


m со ou 


E 5 


5 
.Ф 
2 
Ф 
мы 
íi 
Ф 
= 
О. 
(0 
„С 
О 


A no correlation 

strong positive correlation 

strong negative correlation 
weak negative correlation 

weak positive correlation 


Extended-response questions 


5| 10 According to this scatter plot, when х is 3.5, 


Ж y Is approximately: 
A 44 B 27 


C 25 D 3.5 


5H 9 The variables x and y in this scatter plot could be described as 


1 The number of flying foxes taking refuge in a fig tree is recorded over a period of 14 days. The 
data collected is given here. 


Number of flying foxes | 73 | 50 | 36 | 82 | 15 | 24 | 73 | 57 65 | 86 51 | 32 | 21 | 39 
i Find the IQR. 
ii Identify any outliers. 
iii Draw a box plot for the data. 

Ж 2 А пе\у<адепсу records the number of customers and profit for 14 working days. 
Number of customers | 18 |13 | 15 | 24 | 29 | 12) 18 | 16 | 15 | 11] 4 | 32 | 26 | 21 
Profit ($) 150 | 70 | 100 | 210 | 240 | 90 | 130 | 110 | 120 | 80 | 30 | 240 | 200 | 190 


a Draw a scatter plot for the data and draw a line of best fit by eye. Place Number of customers 
on the horizontal axis. 
b Use your line of best fit to predict the profit for: 


i 10 customers 


20 customers 


c Use your line of best fit to predict the number of customers for a: 
$105 profit 


i $50 profit 
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Measurement 
Short-answer questions 


1 Convert these measurements to the units shown in the brackets. 
a 0.43 m (cm) b 32000 mm? (cm?) c 0.03 m? (cm?) 


2 Find the perimeter of each of these shapes. 


a b dm c 2.6 M 
3 ст 
7m 
1.9m 
2cm 


12m 


3 For these shapes, find, correct to two decimal places: 


С 
CD 
= 
CD 
o 
үеэ 
ср 
- 
ш 
CD 
=. 
CD 
E 
—9 


i the perimeter ii the area 
a b c | 
2 т n 
UE 3 cm 
4 Find the area of each of these shapes. 
a | р C 2m 
3m! 
6m 
5 For these solids, find (correct to two decimal places where necessary): 
i the volume ii the total surface area 


C 12 mm 


10 mm 
3 cm om 
Multiple-choice questions 
1 The number of centimetres in 2.8 metres is: 
A 0.28 B 28 С 280 D 2.8 E 2800 
2 А rectangle has length 7 cm and perimeter 22 cm. Its width is: 
А 7.5 ст В 15cm C 14cm D 8cm E 4cm 
3 The area of a circle with diameter 10 cm is given by: 
A л(10) cm? B z(5cm? С 10z cm? 
р 5xzcm? E 25cm? 
m te 4 The surface area of this cylinder is closest to: 4cm 
A 351.9 cm? B 301.6 cm? С 175.9 cm? ES 
D 276.5 cm? Е 183.4 cm? 
10cm 
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The area of the triangular cross-section of a prism is 8 mm? and the prism's height is 3 mm. 
The prism's volume is: 


A 48mm? B 12 mm? C 24mm? 
D 24mm? E 12mm? 


Extended-response question 


A concrete cylindrical pole has radius 0.5 m and height 10 m. The outside curved surface only is to be 
painted. Answer the following, to two decimal places. 


a 


b 
*° 


What volume of concrete was used to make the pole? 

What area is to be painted? 

A litre of paint covers 6 m2. Paint costs $12 per litre and there are 18 poles 
to be painted. What is the cost of paint required? Round your answer to the 
nearest $10. 


Consumer arithmetic 
Short-answer questions 


В ' 
В 2 


В ° 
В“ 


gp? 
Eo 


B 


В ° 
В ° 


Sven earns $28.40 per hour working іп а баг. What would he earn Тог working а 6-hour shift? 


Tobias earns $55.20 an hour as a mechanic. Calculate his: 

a time-and-a-half rate 

b double-time rate 

c weekly wage for 38 hours at normal rate 

d weekly wage for 38 hours at normal rate plus 3 hours at time and a half 


Fatima earns $60.80 an hour on weekdays and double time on the weekends. Calculate her weekly 
pay if she works 9 a.m.—3 p.m. Monday to Friday and 9 a.m. till 11:30 a.m. on Saturday. 

Cara invests 1096 of her net annual salary for 1 year into an investment account earning 446 p.a. simple 
interest for 5 years. Calculate the simple interest earned if her annual net salary is $77 500. 

A $120 Blu-ray player is discounted by 1596. What is the sale price? 


Marina has a taxable income of $42 600. Calculate her income tax if she falls into the following tax 
bracket. 


($3572 plus 32.5c for each $1 over $37 000) 


Each fortnight, Raj earns $1430 gross income and pays $34.94 in superannuation, $23.40 in union fees 
and $493.60 in tax. 

a What is Raj's annual gross income? 

b How much tax does Raj pay each year? 

c What is Кајѕ net annual income? 

d What is Raj's net weekly income? 


Find the final value of an investment of $7000 at 6% p.a., compounded annually for 4 years. 


Jason earns $664.20 in a week, where he works 35 hours at his normal hourly rate and 
4 hours at time and a half. Calculate Jason's normal hourly rate. 
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Multiple-choice questions 
E 1 Nigel earns $1256 a week. His annual income is: 
A $24.15 B $32656 С 565312 D $15072 E $12560 


Е 2 Who earns the most in a year? 
Priya: $56 982 p.a. 
Suresh: $1986 per fortnight 
Henry: $1095 per week 
Yasmin: $32.57 per hour, 38-hour weeks for 44 weeks 
Bill: $20 000 p.a. 


поо о > 


Е 3 Adrian works 35 hours a week, earning $575.75. His wage for a 38-hour week is: 
A $16.45 В $21 878.50 C $625.10 D $530.30 E 157513 
“| 4 Jake earns a retainer of 5420 рег week plus а 2% commission on all sales. His fortnightly 
pay when his sales total $56 000 for the fortnight is: 
A $2240 B $840 C $1540 D $1960 E $56420 
5 Antonia earns $4700 gross a month. She has annual deductions of $14 100 in tax and 
$1664 in health insurance. Her net monthly income is: 
A $3386.33 B $11064 C $40636 D $72164 E $10000 


Extended-response question 


ER A computer tablet with a recommended retail price of $749 is offered for sale in three 
different ways: 


Method A Method B Method C 
5% discount for cash 3% fee for a credit card 20% deposit and then $18.95 рег 
payment month for 3 years 


a Jai buys a tablet for cash. How much does he pay? 
b Thalia buys a tablet using her mother's credit card. How much more does Tahlia pay for her 
tablet compared to Jai? 
с Georgia chooses to pay for her tablet using method C. 
i Calculate the deposit Georgia must pay. 
ii What is the final cost of purchasing the tablet on these terms? 
iii How much interest does Georgia pay on her purchase? 
iv What percentage of the recommended retail price is Georgia's interest? Round 
your answer to two decimal places. 


Algebra and indices 
Short-answer questions 


1 Simplify the following. 


= E 4a?b 
а 2xy+7x+5xy – 3x b -3ax7b c зор 
2 а Expand and simplify the following. 
i =Д(х=3) il 3х(5х-2) ili 4(2х+1)+5(х— 2) 
b Factorise the following. 
I 16 = Ga ii 3х2 + 6x ili -8ху-12у 
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3 Simplify these algebraic fractions. 


6x + 18 3 (06a) өх! 2.25 хоз 
us йк соч уз oU 52473 
4 Use index laws to simplify the following. Express with positive indices. 
12 3.2 
E De шаг с (m^ d 3х0 + (4х)0 
3xy? 
2 5 3 -2 
2 E А h 4x^y* х 5x ^y 
e p и 207212 0 = ЖЕТОО ЛЕ. 
5 а Write the following as basic numerals. 
i 4.73 x10 ii 5.21 x 1073 
b Convert these to scientific notation, using three significant figures. 
i 0.000027561 ii 8707332 
Multiple-choice questions 
1 The expanded and simplified form of 4(2x — 3) — 4 is: 
[A Bee 3} pe = Пл C 8x- 16 D 8х-8 Е (= 7 
2 The fully factorised form of 4х2 + 12x is: 
A 4(х2+ 3х) В 4х(х+ 12) СС) D 4x(x+3) E 2x(x +6) 
з 200-2), 12 simplifies to: 
3 х=? 
А 20 в —6 C = D 16(х-2) E Wem 
2 IA 
4 Using index laws, шаи simplifies to: 
X 
5 2 4 
A= B 65 о D 6x4 Е 
39 1 Ӯ 
5 (a))4b ? expressed with positive indices is: 
a 212 1 Ae 22 


Extended-response question 


ER Julie invests $3000 at an interest rate of 6% per year, compounded. 
a Write a rule for the amount of money, $A, in her account after л years. 
b How much will be in her account, correct to two decimal places, in: 
i 2years’ time? ii 6 years’ time? 
€ Usetrial and error to determine how long it will take her to double her initial investment. Answer 
to one decimal place. 


Probability 


Short-answer questions 


1 А keen birdwatcher records the number of different species of birds in her backyard over a 
20-day period. 

Number of species 0 1 2 5 4 5 6 

Frequency 0 2 B 8 4 2 


From these results, estimate the probability that on the next day the birdwatcher will observe the 
following number of species. 
a 3 b 2013 с fewer than 5 4 atleast 2 
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2 Of 25 students, 18 are wearing jackets, 14 are wearing hats and 10 are wearing both jackets 
and hats. 


a 


b 
с 
d 


* 


Represent this information in a Venn diagram. 

Represent this information in a two-way table. 

How many students are wearing neither a hat nor a jacket? 

If a student is chosen randomly from the group, find the probability that the student will 
be wearing: 

і ahat and not a jacket ii ahat or a jacket 

iii a hat and a jacket iv a hat, given that they are wearing a jacket 


3 Two 6-sided dice are rolled and the total is recorded. Die 1 


a 
b 


Complete the table to find the total number of outcomes. 123456 
Find: 234 

і Pr(5) il Pr(7) 34 

iii Pr(at least 7) iv Pr(at most 4) 


Die 2 


‘AU & WN н 


4 Two people are chosen without replacement from a group of 2 males and 4 females. 
Use a tree diagram to help find the probability of selecting: 


a 2 males b 1 male and 1 female c atleast 1 female 
Ж 5 For each diagram, find Pr(4) and Рг(А | B) and then decide if events А and B are 
independent. 
a А В b A | A’ 
B 3 2 5 
ap а Г 
6 5 3 8 


Multiple-choice questions 
1 А letter is chosen from the word PROBABILITY. What is the probability that it will not be a 


vowel? 
E 4а ER ! I 
А iil В itl E tl D 2 ; iil 
2 For this Venn diagram, Pr(A U B) is equal to: A B 
1 1 
2 3 4 
D 10 E 5 
3 For this tree diagram, what is the probability of the 1 
outcome (Т, Н)? т 29 
1 1 1 5 2H 
A 3 B 6 С 7 2 3 
1 2 1 
D 7 E 3 E i T 
H 
2H 
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4 The number of faults in a computer network over a period of 10 days is recorded in this table. 


Number of faults 0 1 2 3 


Frequency 1 5) 3 1 
An estimate for the probability that on the next day there would be at least two errors is: 
4 2 1 
^ 10 B i a m 2 i 
5 Two events are mutually exclusive when: 
A Pr(A)=0 B РА В) =0 С РАЧО В) =0 
D Pr(A|B) = Pr(A) E Рг(Ас\ B) = Pr(A) x Pr(B) 


Extended-response question 


A hot dog stall produces two types of hot dogs: traditional (T) at $4 each and Aussie (A) at $5 each. 
Gareth randomly selects two hot dogs. 


a Complete this table to show the possible selections. T A 
b Find the probability of selecting: TI ал 
i 2 Aussie hot dogs A 


ii atleast 1 Aussie hot dog 
с Gareth has only $8. What is the probability that he will be able to afford two hot dogs? 


Statistics 
Short-answer questions 
1 Twenty people were surveyed to find out how many days in the past completed month they 
used public transport. The results are as follows: 
3, WO, 22. 229. 253. 122. П, 44, ©, 5), &, Л, 20), 222, 16), 9) 21,221, 110 
a Organise the data into a frequency table with class intervals of 5 and include a percentage 
frequency column. 
b Construct a histogram for the data, showing both the frequency and the percentage frequency 
on the one graph. 
c i State the frequency of people who used public transport on 10 or more days. 
ii State the percentage of people who used public transport on fewer than 15 days. 
iii State the most common interval of days for which public transport was used. Can you 
think of a reason for this? 


2 The data set shows the number of Apps owned by students in a school class. 
J2 22. 339 17 G 24 9 л 15 20241 25 15 187 


a Display this data using a stem-and-leaf plot. 
b Describe the distribution of the data as symmetrical or skewed. 
3 For the data set 8, 10, 2, 17, 6, 30, 12, 7, 12, 15, 4: 
a Order the data. 
b Determine: 
i the minimum and maximum values 
ii the median 
iii the lower quartile (Q;) and the upper quartile (Оз) 
iv IQR (= Q3 – Q1) 
v any outliers 
с Draw a box plot of the data. 
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4 Farsan's bank balance over 12 months is recorded below. 


Month J F M A M J J A 5 0 М р 
Balance ($) | 1500 | 2100 | 2300 | 2500 | 2200 | 1500 | 1200 | 1600 | 2000 | 2200 | 1700 | 2000 


a Plot the time series for the 12 months. 

b Describe the way in which the bank balance has changed over the 12 months. 

c Between which consecutive months did the biggest change in the bank balance occur? 
d What is the overall change in the bank balance over the year? 


Multiple-choice questions 


1 The values of a and b in this Colour | Frequency | Percentage frequency 
frequency table are: Blue 4 16 
(A que 3, ipe e Red 7 b 
В g= D=? Green a 12 
С а-4,5-19 White 6 24 
Y queo Black 5 20 
ENG —9 95:90 Total 25 


2 The mean, median and mode of the data set 3, 11, 11, 7, 1, 9 are: 
A mean=7, median = 9, mode = 11 B mean = 6, median = 9, mode = 11 
C mean=7, median = 8, mode = 11 D mean=7, median = 11, mode = 8 
E теап= 8, median = 7, mode = 11 


3 For the given stem-and-leaf plot, the range and median, respectively, stem | Leaf 


of the data are: 0 2267 

A 2X9. 125 B 7,12 (E 2. NBS 1 012358 

р 29.3 iS QU. 13) 2 33579 
1 | 5 means 15 


4 The interquartile range (IQR) for the data set 2, 3, 3, 7, 8, 8, 10, 13, 15 is: 


A 5 B 8.5 C 7 D 13 E 8 
5 The best description of the correlation between the variables for the y 

scatter plot shown is: 

. dem хх 

А weak negative В strong positive oe 

C strong negative D weak positive x x 

E no correlation MOS 

X 

Extended-response question 
The heights of plants in a group of the same species after a month of watering 
with a set number of millimetres of water per day are recorded below. 

Water (mL) 8 5 10 14 12 15 18 

Height (cm) 25 277] 34 40 35 38 45 
a Draw а scatter plot for the data, using ‘Water’ for the x-axis. 
b Describe the correlation between water and height as positive, negative or none. 
c Fit a line of best fit by eye to the data on the scatter plot. 
d Use your line of best fit to estimate the: 

i height of a plant watered with 16 mL of water per day 

ii daily amount of water given to a plant of height 50 cm 
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are important | 
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Many straight-line graph applications are essential to our quality of life and are found in the 
professions, trades and finance industry. 


* Surveyors and civil engineers apply skills using straight-line gradient and advanced algebra when 
designing and constructing roads, railways and tunnels. 

e Engineers and plumbers design and build clean water supply and sanitation systems that аге 
essential for avoiding infectious disease epidemics. Plumbers apply straight-line gradient skills to 
calculate the 'fall' of underground pipes, so wastewater flows downhill under gravity. 

* Animators and game developers apply straight-line algebra in algorithms to move a virtual =. 
object by shifting, rotating, enlarging or shrinking. Segment midpoints and lengths are used to 


create 3D curved shapes. сэн 
• Small businesses (e.g. couriers, carpet cleaners, landscapers) claim a tax deduction for annual 

equipment depreciation (its decrease in value). A straight-line graph joins the y-intercept (the 

original cost) to the x-intercept (total years of usage). The gradient gives the depreciation per b. 

year. 5, 
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In this chapter 


6A Interpretation of straight-line 
graphs (Consolidating) 

6B Distance-time graphs 

6C Plotting straight lines 
(Consolidating) 

6D Midpoint and length of a line 
segment 

6E Exploring gradient 

6F Rates from graphs 

6G y = mx + c and special lines 

6H Parallel and perpendicular 
lines 

61 Sketching with x- and 
y-intercepts 

6) Linear modelling Ж 

6K Direct proportion 3r 


NUMBER AND ALGEBRA 


Linear and non-linear 
relationships 


Solve problems involving linear 
equations, including those derived 
from formulas (ACMNA235) 


Solve problems involving parallel and 
perpendicular lines (ACMNA 238) 


© Australian Curriculum, Assessment 
and Reporting Authority (ACARA) 


Online resources 


A host of additional online 
resources are included as part 

of your Interactive Textbook, 
including HOTmaths content, video 
demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 


AM. 


ёл: 


( ЭЭР prr € А 
аулам at, gem 
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330 Chapter 6 Straight-line graphs 


The coordinates of P on this graph are (3, 2). 
Write down the coordinates of: 

a M b T c 
d V e C f 


A 
F 


Name the point with coordinates: 
A (-4,0) B (0,1) (EE 2) 
D (=з 2) E (0,—4) P (2,3) 


-up quiz 


Draw up a four-quadrant number plane and plot 

the following points. 

What shape do they form? (Choose from: hexagon, rectangle, 
square, pentagon, equilateral triangle, isosceles triangle.) 

a (0,0), (0, 5), (5, 5), (5,0) 

п) (3, =), (3 10, GLO} 

G (E295. зу C4, 10) (922, 599. (02, 5. (6 10. @ 3) 


Warm 


Find the mean (i.e. average) of the following pairs. 
a 10and 12 b 15 and 23 с 6and 14 d 3and4 
e —6and6 f —-3andl g Oand7 h -8and -10 


5 a Forhow many minutes did the Heart family stop on their trip, according to their 
journey shown in this travel graph? 


N 
Ол 
єв 


Distance from home (Кт) 
пан 
сл 
Ф 


сл 
25) 


4 p.m. 


Time 


b How far had the Heart family travelled by 1 p.m., after starting at 10 a.m.? 
c What was their speed in the first hour of travel? 


Warm-up quiz 331 


6 Find the length of the hypotenuse in each right-angled triangle. Use a? + 22 = с2. 
Round your answers to two decimal places in parts e and f. 


a b 12 с 
I lm 273 
4 8 
d E e f 8 
40 : 3 
3 1 


7 Copy and complete the table of values for each rule given. 
амт D pax=? 
1 2 3 0 


8 Use the graph to find the following 
distances. 
а ОР 
ОР 
МВ 
FS 
BD 
TM 


9 Select a word (i.e. positive, negative, zero or undefined) to describe the gradient (slope) 
of the following lines. 


a y b y с у d y 
-e ЗЕ ec ан 


332 


Chapter 6 Straight-line graphs 


6A Interpretation of straight-line 


When two variables are related, we can use 
mathematical rules to describe the relationship. The 
simplest kind of relationship forms a straight-line 
graph and the rule is called a linear equation. 


graph - this is called interpolation. A straight line also 
can be extended to determine information outside of 
the original data — this is called extrapolation. 


1000 L per hour, the relationship between volume 
and time is linear because the volume is increasing 
at the constant rate of 1000 L/h. 


graphs 


e То understand that two variables with a linear relationship can be represented with a straight-line graph 
e То be able to interpret information from a graph using the given variables 

e То ре able to read off values from a graph both within the graph and using an extended graph 

Key vocabulary: variable, linear relationship, interpolation, extrapolation 


Information can be easily read from within a linear p 


For example, if a swimming pool is filled at 


Volume = 1000 x number of hours 


This rule is a linear equation and the graph of volume 
versus time will be a straight line. 


o Lesson starter: Graphing a straight line 


Jozef is an athlete who trains by running 24 km in 2 hours at a constant rate. Draw a straight-line graph to 
show this linear relation. 


Draw axes with time (up to 2 hours) on the horizontal axis and distance (up to 24 km) on the 
vertical axis. 


Distance (km) 


Time (hours) 


* How far has Jozef run at zero hours? Mark this point on your graph. 
* Mark the point on the graph that shows the end of Jozef's run. 
* Join these two points with a straight line. 
* Mark the point on the graph that shows Jozef's position after half an hour. How far had he run? 
* Mark the point on the graph that shows Jozef's position after 18 km. For how long had Jozef 
been running? 
* Name the variables shown on the graph. 
Discuss some advantages of showing information on a graph. 
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® A variable is ап unknown that can take on many A 
different values. 


A 


8 When two variables have a linear relationship they can 
be represented as a straight-line graph. 
Information about one of the variables based on 
information about the other variable is easily determined by 
reading from the graph: 
e A: 20 km in 1 hour 1 2 3 
e В:20Ктїп2 hours Time (hours) 
e C:20 km in 3 hours 


® Information can be found from: y 
* reading within a graph (interpolation) or 
* reading off an extended graph (extrapolation) pon ee 


Distance (km) 


extrapolation 


interpolation: 


» X 


Exercise 6A 
Understanding 1,2 


1 Forthe graph shown, determine how long it takes each 
cyclist to travel 10 km. 
a cyclist A 
b cyclist B 
c cyclist C 


Distance (km) 


Time (minutes) 
2 Choose the correct word: interpolation or extrapolation, to complete the following. 
a is reading information from within a graph 
b is reading information from an extended graph 


Example 1 Reading information from a graph 


This graph shows the journey of a cyclist from one place (А) 

to another (B). 

a How far did the cyclist travel? 

b How long did it take the cyclist to complete the journey? 

c If the cyclist were to ride from A to B and then halfway 
back to A, how far would the journey be? 


Distance (km) 


1 2 
Time (hours) 


Continued on next page 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


334 Chapter 6 Straight-line graphs 


Solution Explanation 

a 20km Draw an imaginary line from the end point (B) to the 
vertical axis; i.e. 20 km. 

b 2 hours Draw an imaginary line from the end point (B) to the 
horizontal axis; i.e. 2 hours. 

с 20+10=30km Cyclist would ride 20 km out and 10 km back. 

Now you try 

This graph shows a car journey from one place (A) to 

another (B). = 240 ak 

а How far did the car travel? К 

b How long did it take to complete the journey? § 120 

c If the car were to be driven from A to B, then halfway Š 

back to А, how far would the journey be? | | == 


Time (hours) 


3 This graph shows a motorcycle journey from one place (A) to another (В). 


© 


А В Hint: To find the total time taken "d 
— 3604 to go from A to B, look on the | 
time scale that is aligned with 

the right end point. 


Distance (km 
— 
оо 
Ф 
1 


1 2 3 4 
Time (hours) 


a How far did the motorcycle travel? 
b How long did it take to complete the journey? 


с If the motorcycle were to be driven from A to B, then 
halfway back to А, how far would the journey be? ЕРИНИ? € 


The number of rabbits in a colony has decreased according А 
to this graph. © 80 
Є 
а How many rabbits were there іп the colony to = 60 4 
Ї ith? © 
begin with: S 404 
How many rabbits were there after 9 months? E а 
How many rabbits disappeared from the colony during = 
the 9-month period? O | т | > 
5 6 9 
Time (months) 
Continued on next page 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


6A Interpretation of straight-line graphs 335 


Solution Explanation 


а 80 rabbits At t = 0 there were 80 rabbits. 
b 30 rabbits Read the number of rabbits from the graph at t = 9. 


c 80- 30 = 50 rabbits There were 80 rabbits at the start and 30 after 
9 months. 


Now you try 


The number of people in a queue has decreased according to A 

this graph. 

a How many people were in the queue to begin with? 

b How many people were in the queue after 15 minutes? 

c How many people left the queue during the 15 minutes 
shown? 


Number of people 


T Т Т z> 
O 5 10 15 
Time (minutes) 


4 This graph shows a company’s profit result over a 

5-year period. 40 000 

a What is the companys profit at: 
i the beginning of the 5-year period? 
ii the end of the 5-year period? 

b Has the profit increased or decreased over the ——— == 
5-year period? О |» 2 3 4 5 

c How much has the profit increased over the 5 years? Time (years) 


Profit ($) 
> 
2 
© 


> 


5 The number of deer in a particular forest has decreased over 
recent months according to the graph shown. 
a How many deer were there to begin with? 
b How many deer were there after 18 months? 
c How many deer disappeared from the colony during the 
18-month period? 


ы [99] 

о © 

© © 
1 


100 - 


Number of deer 


Time (months) 
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6 


Problem-solving and reasoning 


6—9 


A height versus weight graph for a golden retriever dog breed is shown. 


T T T T T T T T T г-ЭР- 
О 10 20 30 40 50 
Weight (kg) 


a From the smallest to the largest dog, use the graph to find the total increase in: 
i height ії weight 

b Fillin the missing numbers. 
i Тһе largest weight is — times the smallest weight. 
ii The largest height is — times the smallest height. 


Example 3 Reading within a graph (interpolation) 


This graph shows the growth of a tree over 5 years. 


a How many metres has the tree grown over the = 
5 years? * 10pe—— 
b Use the graph to find how tall the tree is after сар 202707 | 
2 years. T | 
c Use the graph to find how long it took for the tree ТЕЗ к кшш 
to grow to 10 metres. | 2 3 a a 
Time (years) 
Solution Explanation 
a 15 metres The end point of the graph is at 15 metres. 
b 6 metres Draw a dotted line at 2 years and read the height. 
с 3.3 years Draw a dotted line at 10 metres and read the time. 
Now you try 


This graph shows the growth of a seedling over 5 months. 


a How many cm has the seed grown over the 5 months? = 
b Use the graph to find the height of the seedling after ёс 30 

2 months. 20 20 
с Use the graph to find how long it took for the seedling to 2710 

grow to 30 cm. SS 

© i 23 9 4 5 
Time (months) 
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7 This graph shows the height of a tomato plant over 3 months. А 
a How many centimetres has the plant grown over 3 months? 


2 


€ Use the graph to find how long it took for the plant to grow to 
60 centimetres. О 1 2 3 


Time (months) 
Hint: Start at 60 cm on the 3 


height axis, then go across to zr 
the straight line and down to the 
time axis. Read off the time. 


[3 
b Use the graph to find how tall the tomato plant is after 11 months. = 40 
u 


» 


8 The diameter of an oil slick increased every day after an oil tanker hit some 2 
І € 400 
rocks. Use the graph to answer the following. = 
a How wide is the oil slick after 4 days? i 200 
b How wide is the oil slick after 2.5 days? à 
c How many days does it take for the oil slick to reach a diameter 0 1253 "d 
of 350 m? Number of days 
Example 4 Reading off an extended graph (extrapolation) 
Due to poor performance, the value of a company’s share А 
price is falling. g2 
a By the end of August, how much has the share price Bos 
fallen? 5 id 
b At the end of November what would you estimate the E Но 
share price to be? 2 es 
с Near the end of which month would you estimate the —— = 
share price to be 70 cents? June July Aug Sept Oct Nov 
Time (months) 
Solution Explanation 
a Price has dropped by $1. By August the price has changed from $2 to $1. 
b $0 Use a ruler to extend your graph (shown by the dotted 


line) and read the share price for November. 


c September Move across from 70 cents to the extended line 
and read the month. 


Now you try 


The value of a computer is decreasing over time. 
а Ву the end of 2 years, how much has the value fallen? 2000 


! A 
b At the end of 4 years, what would the estimated value be? rd 
ü 2 s 

c Near the end of which year would you estimate the value to 3 1000 

ре 51200? 
Т Т Т Т Т > 
СРЕ SI Б 
Time (years) 
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ET 9 The value of a car decreases with time. 


Hint: Use your ruler on the line 


20 000 to 'extend' it. 


Value ($) 
S 
o 
© 
© 


О 4 8 12 16 
Time (years) 


а By the end of 8 years, how much has the саг5 value fallen? 

b At the end of 16 years, what would you estimate the car's value to be? 

c Near the end of which year would you estimate the car's value to be $5000? 
10 The weight of a wet sponge is reduced after it is left in the sun to dry. 


O sg 2 3 
Time (hours) 


a The weight of the sponge has been reduced by how many grams over the first 1.5 hours? 
b What would you estimate the weight of the sponge to be after 3 hours? 
c How many hours would it take for the sponge to weigh 300 g? 


Ж Submarine depth 


11 A submarine goes to depths below sea level, 4 Тїте 
as shown in this graph. A 1 p.m. 2 p.m. 3 p.m. 
a How long does it take for the submarine = 
to drop from 40 m to 120 m below sea level? 5 -40 
b At what time of day is the submarine at: 8 80 N 
i -40m? ii —80 m? “Зэрэг 
iii —60 m? iv -120 m? 5 А 
с What is the submarine' depth at: Б, 240 
i 1:30 p.m.? = -280 
ii 1:15 p.m.? Y 
d Extend the graph to find the submarine's depth at: 
і 12:45 p.m. ii 1:45 p.m. ili 2:30 p.m. 
e Use your extended graph to estimate the time when the submarine is at: 
i 0m ii —200m ili —320 m 
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6B Distance-time graphs 339 


6B Distance-time graphs 


e То understand that a distance-time graph can be made up of line segments joined together 
e To be able to interpret the features of a distance-time graph 

e To be able to sketch a distance-time graph with movement at a constant rate 

Key vocabulary: line segment, stationary, horizontal axis, vertical axis 


Some of the graphs considered in the previous section were distance-time graphs, which show the 
distance on the vertical axis and the time on the horizontal axis. Many important features of a journey 
can be displayed on such graphs. Each section of a journey that is at a constant rate of movement can 
be graphed with a straight-line segment. Several different line segments can make up a total journey. 

For example, a train journey could be graphed with a series of sloping line segments that show 
travel between stations and flat line segments that show when the train is stopped at a station. 


A train journey 


Distance 
travelled 


Time 


o Lesson starter: An imaginary journey 


Here are five line segments. 


B c d 


* Use five similar line segments, arranged in any order you choose, and draw a distance-time graph. Each 
segment must be joined to the one next to it. 

* Write a summary of the journey shown by your distance-time graph. 

* Swap graphs with a classmate and explain the journey that you think your classmate's graph is showing. 


Key ideas 
8 Graphs of distance versus time usually consist of line = А 
© 
segments. 2) Movement at a constant rate 
® Each segment shows whether the object is moving or at 5 
rest (stationary). 5 
S 
8 То draw a graph of a journey, use time on the horizontal axis E Dis Ар 
and distance on the vertical axis. A = 
Time 
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Exercise 6B 


Understanding 1,2 
1 For the distance versus time graph shown, for each line A 
segment A — E, describe the movement of the object as either 
moving at a constant rate or at rest. » B 
E с 
QA D 
E 
Р? 
Тїте 
2 The Martino family makes а 300-Кт саг journey, which НИС A Hat ine байтал ана 2 
takes 5 hours. The distance-time graph of this journey that the car has stopped. 
is shown. For each description below, choose the line 
segment of the graph that matches it. 
A half-hour rest break is taken after travelling 250 km. Distance-time graph of car journey 


In the first hour, the car travels 90 km. 

The car is at rest for 1 hour, 90 km from the start. 

The car takes 1.5 hours to travel from 90 km to 250 km. 
The distance from 250 km to 350 km takes 1 hour. 


The distance travelled stays constant at 250 km for half 
an hour. 


(25) 
© 
© 


N 
Ол 
о 


- о о о с ® 


m 
о 
о 
о 


Distance (km) 
a 
Ф 


1 2 3 4 5 
Time (hours) 


Example 5 Interpreting a distance-time graph 


This distance-time graph shows a car's journey from home, 
to school and then to the local shopping centre. 


= 

a What is the total distance travelled? x 
Е о ü Y 

b How long is the car resting while at the school? = 
5 5 i S 

c Whatis the total distance travelled after 30 minutes? É 

> 
Time (minutes) 
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6B Distance-time graphs 341 


Solution Explanation 
a 4km Read the distance from the end point of the graph. 
b 10 minutes The rest starts at 10 minutes and finishes at 20 minutes. 
с 3km Draw a line from 30 minutes and read off the distance. 
Now you try 
The distance-time graph shows a person's walk from their А 
house to the cafe for a rest and then to the post office. 244 
а What is the total distance travelled? ы 3. 
b How long is the person resting at the cafe? 3 
c Whatis the total distance travelled after 40 minutes? E | 
а 14 
T T T T T T T T T z> 
15 30 45 
Time (minutes) 
3 A bicycle journey is shown on this distance-time graph. 89 
a What is the total distance travelled? Hint: From the end of the line, Чч 
: А ? go across to the distance scale. 
b How long is the cyclist at rest: This will show the total distance 
c How far has the cyclist travelled after 4 hours? travelled. 
Е 20 
= 
5 
S 10 
É 
O 12345 
Time (hours) 15:5) 
Hint: A flat line segment shows Š 1 
4 The weight of a water container increases A Hiat the мею is ot changing; 
: . 1 | 80- so no water is being poured in 
while water is poured into it from a tap. | dethat fime: 
a Whatis the total weight of the E 
container after: 2 J 
i 1 hour? = 405 
ii 2 hours? S 1 
iii 3 hours? 20- 
b During the 3 hours, how long is the | | | | 
i ina fi O i 2 3 
container not actually being filled l 
with water? Time (hours) 
с During which hour is the container filling 
the fastest? 
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68 5 This graph shows a shopper's short walk in a 29 1 
shopping mall. 
а What is the total distance the 
shopper travelled? 
b How long was the shopper not walking? 
c What was the total distance the shopper 1N 
travelled by the following times? > 
i 20 seconds E 
ii 80 seconds Е 
iii 2.5 minutes 3 100 
S 
Е 
50 
» 
O 40 80 120 160 


Time (seconds) 


6 A snail makes its way across a footpath, garden bed and lawn according to this graph. 


Distance (m) 
гэ 


O 12 24 36 48 
Time (minutes) 


а How far does the snail travel on: 
i the footpath? 
ii the garden bed? 


iii the lawn? 9 
: , : Hint: The line segment that has 
? mi 
b On which surface does the snail spend the most time? the largest horizontal change is АЭ 
€ Use your graph to find how far the snail travelled after: the surface that the snail spent 
i 6minutes most time on. 


ii 18 minutes 
iil 42 minutes 
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Problem-solving and reasoning 7-9 


7 This graph shows the distance of a train from the city station over a 


period of time. 


a Whatis the farthest distance the train travelled from the station? 


Hint: Remember to include the 
return trip in the total distance 


travelled. 


b Whatis the total distance travelled? 
c After how many minutes does the train begin to return to the station? 
d What is the total number of minutes the train was at rest? 


Distance from 


2 6 12 18 24 30 36 
Time (min) 


KO 


Example 6 Sketching a distance-time graph 


Sketch a distance-time graph displaying all of the following information. 
* total distance covered is 18 km in 3 hours 

* 10 km covered in the first hour 

* а 1-һоиг long rest after the first hour 


Solution 


Explanation 


Distance (km) 


Draw axes with time on the horizontal (up to 


Start at time zero. 
Draw the first hour with 10 km covered. 
Draw the rest stop, which lasts for 1 hour. 


Draw the remainder of the journey, so that 


18 km is completed after 3 hours. 


Time (hours) 


Now you try 


Sketch a distance-time graph displaying all of the following information. 
* total distance covered is 20 km in 2 hours 

* 14 km covered in the first hour 

e а half-hour rest stop after the first hour 
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Chapter 6 Straight-line graphs 


68. 8 Sketch a distance-time graph displaying all of the following information. (9 
grap жш. 9 Hint: Draw axes with time on the 


9 Sketch a graph to illustrate a journey described by the following. ас 


10 A bus travels 5 km in 6 minutes, stops for 


11 


* 


e total distance covered is 100 km in 2 hours оба aie to OUT 10 
e 50 km covered in the first hour distance on the vertical (up to 
e а half-hour rest stop after the first hour 100 km). 


* total distance covered is 15 metres in 40 seconds Hint: Always use a ruler to draw 
e 10 metres covered in the first 10 seconds шош 


e а 25-<есопа rest after the first 10 seconds 
=) 
Hint: Find the total time taken У 
.4 to determine the scale for the 


horizontal axis. Find the total 


2 minutes, then travels 10 km in 8 minutes, 
stops for another 2 minutes and then 
completes the journey by travelling 5 km 
in 4 minutes. 
а What is the total distance travelled? 
b What is the total time taken? 
€ Sketch a distance-time graph for 
the journey. 


A 1-day, 20 km bush hike included the following features. 
e а 3-hour hike to waterfalls (10 km distance) 

* a half-hour rest at the falls 

e a2-hour hike to the mountain peak (5 km distance) 


* à 15-hour hike to the camp site 
Sketch a distance-time graph for the journey. 


Pigeon flight 


12 The distance travelled by a pigeon is described by these points. 


* ahalf-hour flight, covering a distance of 18 km 
a 15-minute rest 
a 15-minute flight, covering 12 km 
a half-hour rest 
turning and flying 10 km back towards 'home' over 
the next half hour 

* arest for a quarter of an hour 

* reaching 'home' after another 45-minute flight 
a Sketch a graph illustrating the points above using 

Distance on the vertical axis. 
b Whatis the fastest speed (in km/h) that the pigeon 
d = distance 

time 


flew? (spee 


total distance 
total flying time 


c Determine the pigeon's average speed, in km/h. | Ауегаде speed = 
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6С Plotting straight lines 


To review the Cartesian plane and how to position and describe points using coordinates 
To understand that a straight-line graph is formed from a linear rule 

To be able to plot a graph of a rule using a table of values 

To be able to use a straight line graph to determine the values of variables 


Key vocabulary: Cartesian or number plane, x-coordinate, y-coordinate, point of intersection, origin, linear 


On a number plane, a pair of coordinates gives the exact 
position of a point. The number plane extends both a 
horizontal axis (x) and vertical axis (y) to include negative 
numbers. The point where these axes cross over is called the 
origin (O). It provides a reference point for all other points 
on the plane. 

А rule that relates two variables can be used to generate 
a table that shows coordinate pairs (x, y). The coordinates 
can be plotted to form the graph. Rules that give straight-line = 
graphs are described as being linear. 

Architects apply their knowledge of two-dimensional 
straight lines and geometric shapes to form interesting 
three-dimensional surfaces. Computers use line equations to 
produce visual models. 


o Lesson starter: What's the error? 


* Which point is not in line with the rest of y 
the points on this graph? What should its А 
coordinates be so it is in line? List two other 
points that would be in line with the points on 
this graph. 


e This table shows coordinates for the rule 
у = 4х + 3. Which у value has been calculated 
incorrectly in the table? What would be the 


correct y value? ~« » x 
X 0 1 2 3 4 
у|з | т7 | 1 11119 ? 


e Which two points in the list below will not be in 
the same line as the other points? 
(72,4), (71,2), (0,0), (1, -2), (2,4), (3,6) E 
What would be the correct coordinates for these 1? Y 
two points, using the given x values? 


* Points that follow a linear rule will always be in a straight line. Discuss some ways of checking whether 
the coordinates of a point have been calculated incorrectly. 
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8 A number plane or Cartesian plane includes a vertical 
y-axis and a horizontal x-axis intersecting at right angles. 


8 A point on a number plane has coordinates (x, y). 
e The x-coordinate is listed first, followed 


by the y-coordinate. 


8 The point (0, 0) is called the origin (O). 
horizontal vertical 
8 (х,у) = | units from  , units from 
origin origin 


A rule is an equation connecting two or more variables. 
A straight-line graph will result from a rule that is linear. 


For two variables, a linear rule is often written with y as the subject. 
For example, y 22x -30ry 2 -х+7. 


To graph a linear relationship using a rule: y 
e Construct a table of values finding a y-coordinate for each given 
x-coordinate. Substitute each x-coordinate into the rule. 
Plot the points given in the table on a set of axes. 
Draw a line through the points to complete the graph. 


X 2 4 6 
у 3 5 7 O 


The point of intersection of two lines is the point where the lines cross over each other. 


Exercise 6C 


Understanding 


List the coordinates of each 
point (A-K) plotted 

on the number plane. 

b Which points are on the x-axis? 


1a 


Essential 


CORE Year 10 


. The ‘origin’ is the point where 


c Which points are on the y-axis? dE 
(2,1 | ШМ 
d What are the coordinates of the 1 : the x-axis and y-axis meet. 
point called the 'origin'? mE. ue slz 
-5-4-3-2-101 12345 
Н+» -2 
+3 C 
Je 4 
5 
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2 Write the coordinates for each point listed in this table. 


x -2 


у 1 


=l 


=3 


=5 


a 


Hint: Coordinates are written as 17 
(х, у). 
х m 
(=2, 1) 
y 1 


3 Ethan is finding the coordinates of some points that are on the line 


y = —2x +4. Copy and complete these calculations, stating the 
coordinates for each point. 


а х= -3,у = -2 х (-3)+4=6+4 = 
х=-—-1,у=-—2х(—1)+4= 


b 
с х-0,у--2х044- 
d x-22y-2-2x244- 


Fluency 


(- 
( 
( 
( 


x 


1 


Hint: In the order of operations, т 


first do any multiplication, then 
do addition or subtraction from 
left to right. When multiplying, 
same signs make a positive and 
different signs make a negative. 


Example 7 Plotting a graph from a rule 


Plot the graph of y = 2x – 1 by first completing the table of values. 


х =! 0 1 
y 
Solution Explanation 
- =] 0 1 Substitute each value into the equation: 
y | =з [= x=-l,y=2x(-l)-1=-3 (-1,-3) 


Now you try 


Plot the graph of y = 3x + 2 by first completing the table of values. 
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aem у= е1 (й =11)) 
хе уре 23615141 ll 


Plot the points and draw the line with a ruler. 


When labelling axes, put the numbers on the 


grid lines, not in the spaces. 
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6C 
E 4 Complete the following tables, then plot the graph of each one on a separate number plane. 


а y-2x b у-х-4 
х -1 0 1 x 0 1 2 
12 12 

с y=2x-3 d у--2х 
х 0 1 2 х =i 0 1 
12 12 

e y=x-4 f y=6- 
x 1 2 3 x 0 1 2 
y y 


5 Complete the following tables, then plot the graph of each pair on the same axes. 


a 1 y=x+2 їй y=-x+2 


y y 

b iysx- il y=4-x 
х 0 1 2 х 0 1 2 
y y 

с i y=24+3x il y=3x-4 
SES ca) oi |З 0 | 3 
y y 


6 By plotting the graphs of each of the following pairs of lines on the same axes, find the coordinates of 

the point of intersection. Use a table of values, with x from —2 to 2. 

a y=2xandy=x 
y=xt+3andy=2x+2 
у=2- хапа у= 2х+ 5 
у=2- хап у= х+2 
у= 2х- 3 аду=х-– 4 


оо о c 
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Problem-solving and reasoning 


6C Plotting straight lines 


Example 8 Interpreting a graph when given a table of values 


Jasmine is organising a school dance. The venue is chosen and the costs are shown in the table. 


Number of students (S) 


0 


100 


200 


300 


Total cost in dollars (C) 


500 


1000 


1500 


2000 


a Plot a graph of the total cost against the number of students. 


b Use the graph to determi 


Ies 


i the total cost for 150 students 
ii how many students could attend the dance if Jasmine has $1750 to spend 


Solution Explanation 
a C Construct a set of axes using S between 0 and 
А 300 and C between 0 and 2000. 
Цол EE Number of students is placed on the 
1500 4 Ч horizontal axis. 


>S 


О| 50 100 150 200 2 


t T 
50 300 


p і The total cost for 150 students is $1250. 


ii 250 students could attend the dance 


if the budget is $1750. 


Plot each point using the information in the 
table. 


Draw a vertical dotted line at 5 = 150 to meet 
the graph, then draw another dotted line 
horizontally to the C-axis. 


Draw a horizontal dotted line at C = 1750 
to meet the graph, then draw a dotted line 
vertically to the S-axis. 


Now you try 

Hayley is organising a party for her child. The venue is chosen and the costs are shown in the table. 
Number of children (n) 0 10 20 30 
Total cost in dollars (C) 200 400 600 800 


a Plot a graph of the total cost against the number of children. 


b Use the graph to determi 


[es 


i the total cost for 25 children 
ii how many children could be invited if Hayley has $500 to spend 


7 Afurniture removalist charges per hour. His rates are shown in the table below. 


No. of hours (n) 0 


1 


2 


3 


4 5 


Cost (С) 200 


240 


280 


320 


360 400 


а Plot а graph of cost against hours. 
b Use the graph to determine the: 
i total cost for 2.5 hours of work 
ii number of hours the removalist will work for $380 
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350 Chapter 6 Straight-line graphs 


8 Olive oil is sold in bulk for $8 per litre. 


No. of litres (L) 1 2 3 4 5 
Cost (С) 8 16 24 32 40 


a Plot a graph of cost against number of litres. 
b Use the graph to determine the: 

i total cost for 3.5 litres of oil 

ii number of litres of oil you can buy for $20 


Example 9 Constructing a table and graph for interpretation 


An electrician charges $50 for a service call and $60 an hour for labour. 


a Complete the table of values. 
No. of hours (n) 1 2 3 4 5 
Cost (С) 


b Plot а graph of cost against number of hours. 
c Use the graph to determine: 


i the cost for 4.5 hours of work 
ii how long the electrician will work for $260 


Solution Explanation 


а |Мо.оїпош5(0) | 1|2|3 |4| 5 Cost for 1 hour = $50 + $60 = $110 
Cost (C) 110 | 170 | 230 | 290 | 350 ёо 7 210 
Cost for 3 hours = $50+3 x $60 = $230 etc. 


b С Plot the points from the table using С оп the 
A vertical axis and n on the horizontal axis. Join all 
400 + the points to form the straight line. 


с і The cost is $320. Draw a vertical dotted line at n = 4.5 to meet 
the graph, then draw a line horizontally to the 
C-axis. 
ii The electrician will work for 3.5 hours. Draw a horizontal dotted line at C = 260 to 
meet the graph, then draw vertically to the 
n-axis. 
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6С Plotting straight lines 351 


Now you try 


A balloon artist charges $120 to attend a child’s party and $60 per hour in attendance. 
a Complete the table of values. 


No. of hours (n) 1 2 3 4 


Cost (С) 


b Plot а graph of cost against number of hours. 
с Use the graph to determine: 


the cost for 2.5 hours of hire 
how long the balloon artist will work for $330 


9 Acar rental firm charges $200 plus $1 for each kilometre travelled. 


a 


b 


Complete the table of values below. 


No. of km (k) 100 200 300 400 500 
Cost (C) 


Plot a graph of cost against kilometres. 


с Use the graph to determine: 


i the cost if you travel 250 km 
ii how many kilometres you can travel on a budget of $650 


10 Matthew delivers pizza for a fast-food outlet. He is paid $20 a shift plus $3 per delivery. 
a Complete the table of values below. 


No. of deliveries (d) 0 5 10 15 20 
Pay (P) 


b Plot a graph of Matthew's pay against number of deliveries. 
с Use the graph to determine the: 


i amount of pay for 12 deliveries 
ii number of deliveries made if Matthew is paid $74 


11 Two mechanics charge different rates for their labour. Yuri charges $75 for a service call plus $50 
per hour. Sherry charges $90 for a service call plus $40 per hour. 


a 
b 


Create a table for each mechanic for up to 5 hours of work. 

Plot a graph for the total charge against the number of hours worked for Yuri and Sherry, on the 
same axes. 

Use the graph to determine the: 

i cost of hiring Yuri for 3.5 hours 

ii cost of hiring Sherry for 1.5 hours 

iii number of hours of work if Yuri charges $100 

iv number of hours of work if Sherry charges $260 

v number of hours of work if the cost from Yuri and Sherry is the same 


Write a sentence describing who is cheaper for different hours of work. 
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6D Midpoint and length of a line segment 


e To understand what is meant by the midpoint and length of a line segment 

e То ре able to determine the midpoint of a line segment from a graph and using coordinates 

e То understand how the length of a line segment can be found using Pythagoras’ theorem 

e To be able to find the length of a line segment from a graph and using coordinates 

Key vocabulary: line segment, length, midpoint, coordinates, Pythagoras' theorem, square root, average, hypotenuse 


A line segment has a definite length and also has a point in the middle of 
the segment called the midpoint. Both the midpoint and length can be 
found by using the coordinates of the end points. 

Builders use mathematical calculations to determine the length, midpoint 
and angle of inclination of wooden beams when constructing the timber 
frame of a house. 


o Lesson starter: Finding a method 


Below right is a graph of the line segment AB. A right-angled triangle has been drawn so that 
AB is the hypotenuse. 
* How many units long are the horizontal and vertical sides of y 

this right-angled triangle? 


8 
e Discuss and explain a method for finding the length of the line 7 
segment AB. 6 
e What is the x value of the middle point of the horizontal side 3 
of the right-angled triangle? 4 
e What is the y value of the middle point of the vertical side of : | JA 
the right-angled triangle? А 
* What are the coordinates of the point іп the middle of the line » 
segment АВ? O 12345267 8 910 
* Discuss and explain a method for finding the midpoint of a 
line segment. 
Key ideas 


8 A line segment is a part of a line and has two end points. 


8 The midpoint (M) of a line segment is the halfway point between the two end points. 
* We find the mean of the two x values at the end points and the mean of the two y values at 
the end points. 


—.[xictx2 A y 
о Ms 2 БЕС) А (0,5 Шог 
e When finding the mean, add the values in the numerator | (^ 
before dividing by 2. | NE = (2.5, 3.5) 
24585 _ 
: жан 
(4, 2) 
є О Т Т Т Т г-ЭР- X 
y 
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8 The length of a line segment is found using Pythagoras’ theorem. 
To find the length of the line segment PQ, follow these steps. 
* Draw a right-angled triangle with the line segment PQ as the hypotenuse (i.e. longest side). 


e Count the grid squares to find the length of each y 
smaller side. 2 А 
• Apply Pythagoras’ theorem: 2 
РОХЕ 52:23 3 р units 
=25+4 РЕ des 
— 29 (take the square root) : " 
РО = N29 units е 12:02:44: 
e 29 is the length of line segment РО, in square 724 
root form. 
Exercise 6D 
Understanding 1-3 
1 Complete the following. 
a The of a line segment is the halfway point between the two end points. 
b The of a line segment is found using Pythagoras’ theorem. 
2 Complete the working to find the midpoint of the line segment with the following end point 
coordinates. 
a (1,4) and (3,8) 
1+ 4+ 
М = р 
2 2 | 
M=( ) 
р (-1,3) and (5, -3) 
Sess Ши 
2 2 
M -(L |0) 
3 For the line segment shown, complete the Pythagoras’ theorem y 
working below to find the length. 4A B 
А 
ABR = ЇГ? 3 units 
< 7 units > 
ын -19 123456 
АВ = N58 
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Chapter 6 Straight-line graphs 


4-8(У») 4-9(%) 


Find the midpoint of the interval between А(1, 2) and В(5, 8). 


À 
B (5,8) 
Ts 
OF 
ДЕ 
2 
A 12) 

Зи2-Э тээ таг ERE AE 
© ї 3 4 5 
Solution Explanation 
Average of x values = 22 

20 
2 
-3 
Average of у values = ES 
_ 10 
2 
-5 


Midpoint is (3, 5). 


Now you try 


Find the midpoint of the interval between A(3, 4) and B(5, 10). 


y 
"n. B (5, 10) 
84 
64 
44 
d A Q, 4) 
T T T T TX 


6D Midpoint and length of a line segment 355 


4 Find the midpoint, М, of each of the following intervals. 


a у 
A 
В(5,7 
" (5. 7) 
M 
4- 
А(2, 3) 
2- 
Т Т L3» X 
О 2 4 6 
c y 
А 
34 
2-1 
Ї 


В(2,-3) 


b 


Hint: In finding the average, add the 


о 


numerator values before dividing by 2. 


y 
6А А(1, 6) 
44 M 
М В(5, 2) 
Т Т L3» X 
2) 2 4 6 
d y 
И; 
| PQ, 2) 
<< L3» X 
4 O 3 
O(-2, -1) 
-3- 
ү 


Find the midpoint of the line segment joining Р(-3, 1) and Q(5, –4). 


Explanation 


Average the x-coordinates. 


Calculate the numerator before dividing by 2; 


еер 522. 


Solution 
20-345 
с ж; 
22 
2 
= || 
1+ (4) 
Баш 
Тоон 
2 
= 1,5 


Midpoint is (1, —1.5). 


Now you try 


Average the y-coordinates. 


Calculate the numerator before dividing by 2; 


іе 14+ (-4)=1-4=-3. 


Write the coordinates of the midpoint. 


Find the midpoint of the line segment joining P(3, 1) and Q(6, —5). 
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356 Chapter 6 Straight-line graphs 


E 5 Find the midpoint of the line segment joining the following points. 


a (1,4) and (3,6) b (3,7) and (5,9) 9 
c (0,4) and (6,6) d (2,4)and (3, 5) Hint: Check that your answer appears їо (^, 9^5 
e (7,2) and (5,3) f (1,6)and (4,2) be halfway between the end points. j 
9 (0,0)апа(-2,-4) h (-2,-3) and (—4,—5) 
i (-3,-1) and (—5,—5) j (73,-4) and (5,6) 
к (0,—8) and (-6, 0) | (3,-4) and (-3,4) 
Find the length of the line segment between А(0, 1) and В(5, 4). y 
B 
4 
3 
p 
1 
o зл с 
Solution Explanation 
AB? = 52-32 Create a right-angled triangle 
VULNUS) B and use Pythagoras' theorem. 
5 | For AB? = 34, take the square 
АВ = 34 3units гоої of both sides to find АВ. 
AB=NB4 ЕЕ lac 434 is the exact answer. 
5 units 
T T T T T DL» X 
il a 3 ah S 0 
Now you try 
Find the length of the line segment between А(0, 2) and В(4, 7). y 
8 B 
6 
4 
ГАЙ 


> xX 


ОЛО л $ 


6 Find the length of each of the following line segments. 9 
а у р Hint: Use Pythagoras’ theorem (c? = a+b?) AYT 


by forming a right-angled triangle: 
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Hint: Write the answer in square 


root form if it is not a known 
square root. 


7 Find the length of each line segment on the following 
number plane. Leave your answers in square root form. 


>< 


a AB b CD : 
c EF d GH 2 
е КЕ f GI 1 

2 


Hint: First sketch a right-angled triangle ub 
for each line segment, labelling the 
known sides. For example: 


3 


Example 13 Finding the length of a line segment when given the 
coordinates of the end points 


Find the distance between the points P and Q if P is at (-2, —3) and Q is at (4, 5). 
Solution Explanation 


Q Use Pythagoras' theorem to find РО, the hypotenuse. 


8 units (5 to —3) 


P 6units 
(-2 to 4) 
РО? = 6° +8? 
РО? = 36-64 
РО? = 100 Ч Р, 
РО = 4100 If you know the value of the square root, write its value. 
IRO = [( units 
Now you try 


Find the distance between the points P and Q if P is at (-1, —4) and О is at (3, 2). 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


i) 8 Plot each of the following pairs of points and find the distance between them, correct 

to one decimal place where necessary. Sc 
(2, 3) and (5,7) Hint: First rule up your axes with х 
(0, 1) and (6, 9) from —5 to 10 and y from —5 to 10. 
(0, 0) and (—5, 10) 
(74, -1) and (0, —5) 
(73, 0) and (0, 4) 
(0, 71) and (2, -4) 


осоо оо 


ca 


9 Find the exact length between these pairs of points. 
(1,3) and (2, 2) Hint: Exact length means leave їе... 1 
(4, 1) and (7,3) Y sign іп the answers. 

(73, -1) and (0, 4) 

(-2,-3) and (3, 5) 

(71,0) and (-6, 1) 

(1, —3) and (4, -2) 


осоо сњ 


Problem-solving and reasoning 


10 Copy the diagram below. Mark the point В(4,-1), as shown, then mark the point М(1,-3). Find the 
coordinates of A if M is the midpoint of the interval AB. 


y 
um uocum 
гж » X 
2 |9 2 
В(4,-1 
la ( ) 
L4 
Le 
y 


11 Copy the diagram of rectangle ABCD. 


О 2 4 6 
What are the coordinates of each vertex? 


Find the midpoint of the diagonal AC. 
Find the midpoint of the diagonal BD. 
What does this tell us about the diagonals of a rectangle? 


оо > ® 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


6D Midpoint and length of a line segment 359 


12 a Draw up a four-quadrant number plane like the y 

one shown. А 

b Plot the points 4(—4, 0), В(0, 3) and С(0,-3) and 
form the triangle ABC. 

c What is the length of: 
і AB? il AC? 

d What type of triangle is АВС? 
Calculate its perimeter and area. 


f Write down the coordinates of D such that ABDC == MEL = 2 4 6 
is a rhombus. 12 
Hint: A rhombus has all & 
sides of equal length. —4 
6 
ү 


ч Features of a circle | = 


13 The diameter of a circle is shown on this graph. y 
a What are the coordinates of X, the centre of the circle? Mark this А 1.4---. 
point on your graph. 
What is the length of the radius XA? 
c Find the distance from X to the point (5, 1). How can we tell that 


| 
(5, 1) lies on the circle? 4 | 
m d Use C = 2zr to find the circumference of the circle shown. Round 21 A 
your answer to one decimal place. 11% Ath E 
e Calculate the area of this circle using A = zr, correct to PET" M 
one decimal place. O 1234567 
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6E Exploring gradient 


e To know that gradient is a numerical measure of the slope of a line 

e To understand that the gradient of a straight line is constant 

e То be able їо identify on a graph if the gradient is positive, negative, zero or undefined 
e To be able to use the rise and the run between two points to calculate the gradient 


Key vocabulary: gradient, slope, rise, run 


The gradient of a line is a measure of its slope. It is a number that shows 
the steepness of a line. It is calculated by knowing how far a line rises or 
falls (called the rise) within a certain horizontal distance (called the run). 
The gradient is equal to the rise divided by the run. The letter m is used to 
represent gradient. 


Gradient of line = m = "5€ 
run 


Engineers apply their knowledge of gradients when designing roads, 
bridges, railway lines and buildings. Some mountain railways have a 
gradient greater than 1, which is a slope far too steep for a normal train or 
even a powerful car. 

For example, a train takes tourists to the Matterhorn, a mountain in 
Switzerland. To cope with the very steep slopes it has an extra wheel with 
teeth, which grips a central notched line. 


o Lesson starter: What's the gradient? 


A road that rises by 1 m for each 5 m of horizontal distance has a gradient of 0.2 or 20%. 
Trucks would find this gradient very steep. 


The gradient is calculated by finding the rise divided by the run. 


Gradient = 15 = 1 = 0.2 = 20% 
run 5 


1 Find the gradient for each of these roads. Give the answer as a decimal and a percentage. 
a Baldwin Street, Dunedin, New Zealand is known as the steepest street in the world. For each 2.86 m 
of horizontal (run) distance, the road rises by 1 m. 


р Gower Street, Toowong, is Brisbane's steepest street. For each 3.2 m of horizontal (run) distance, 
the road rises by 1 m. 


2 The Scenic Railway, Katoomba, NSW has a maximum gradient of 122% as it passes through a gorge in 
the cliff. What is its vertical distance (rise) for each 1 m of horizontal distance (run)? 
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Use computer software (dynamic geometry) to produce a set of axes and grid. 


Construct a line segment with end points on the grid. Show the coordinates of the end points. 
Calculate the rise (i.e. vertical distance between the end points) and the run (i.e. horizontal 
distance between the end points). 

Calculate the gradient as the rise divided by the run. 

Now drag the end points and explore the effect on the gradient. 

Can you drag the end points but retain the same gradient value? Explain why this is possible. 
Can you drag the end points so that the gradient is zero or undefined? Describe how this can 
be achieved. 


rise 


8 Gradient (т) =-=, it describes the steepness of a slope. 


run’ 
Always move from left to right when considering the rise and the run. 
e The horizontal ‘run’ always goes to the right and is always 
positive. The vertical ‘rise’ can go up (positive) or 
down (negative). 
e |{ the line slopes up from left to right, the rise is positive 
and the gradient is positive. 


rise = +4 


-e-ti 


e.g. т аша 
9 run +4 


e lf the line slopes down from left to right, the rise is 
considered to be negative and the gradient is negative. 
256 -4 _ 


rise = —4 


® The gradient can also be zero (when a line is horizontal) 
and undefined (when a line is vertical). 
y 2 M 
| : 
zero (horizontal) E 
& 
>y — Х 
О < 
[e] 
a. 
б 
S, 
— 
| : z — yı (rise 
8 Between two points (x1, y1) and (x2, y2), the gradient (m) is m = шашин! ) 
хә = x1 (run) 
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Exercise 6E 


Understanding 


1,2 


1 Use the words positive, negative, zero or undefined to complete each sentence. 


a The gradient of a horizontal line is 


b The gradient of the line joining (0, 3) and (5, 0) is 


с The gradient of the line joining (—6, 0) and (1, 1) is 
d The gradient of a vertical line is 


2 


Hint: Lines going downhill 
from left to right have a 


negative gradient. 


2 Decide whether each of the following lines would have a positive or negative gradient. 


b 


Example 14 Finding the gradient from a grid 


Find the gradient of the following line segments, where each grid box equals 1 unit. 


a B 3 | 
| 
| 
А | 
Solution Explanation 
a Gradient of AB = s The slope is upwards, therefore 
| the gradient is positive. 
-i 5 The rise is 5 and the run is 4. 
: | 
-——4— 
b Gradient of CD — mE The slope is downwards, therefore 
А the gradient is negative. 
= E 3| | The fall is 3, so we write rise 2 —3, 
V | and the run is 7. 
m | D 
7 ----07----35- 
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6E Exploring gradient 363 


Now you try 
Find the gradient of the following line segments, where each grid box equals 1 unit. 
a b 


B C 


3 Find the gradient of the following line segments. 
a | b c 


4 Find the gradient of the following. | Gum ej 
a b Hint: The gradient is written | 
| І as a fraction or a whole 
number. 

Find the gradient of the following lines. 
a y b y 

(2, 4) 

Х 
20 O 
O (15:25) 
с у d y 
A 
3 
O ги О 4 1 
Solution Explanation 
a Gradient = 6 Write the rule each time. y 
run 1 
-3 The rise is 4 and the гип is 2 between АВ e 
the two points (0, 0) and (2, 4). 4 
22 Simplify by cancelling. Ae 
Continued on next page 
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364 Chapter 6 Straight-line graphs 


Solution Explanation 
b Gradient = йн Note this time that, when working y 
from left to right, there will be a slope A 
= =0 downwards. 
15 The fall is 5 (rise = —5) and the run is 15. ЇЁ 
cci Simplify. —— Xx 
4 i opcs 
ЕЕ (i5, =5) 
c Gradient = 0 Horizontal lines have a zero gradient. 
d Gradient is undefined. Vertical lines have an undefined gradient. 
Now you try 


Find the gradient of the following lines. 


a y b y 
А 
(2, 6) 
с у d y 
2 
O y O E 
(4, –2) 


a y 
0) 
d { 
Hint: A horizontal line has zero Ф 
rise, so its gradient is zero. 
O 
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9 у h y y 
A A A | лера 
Hint: A vertical line has no ‘run’, f^, Jam 
50 it has undefined gradient. 
9 »-X »-X X 
1 О 4 —2.5| О 


6 Use the grid to find the gradient of these line segments. Then order the segments from least to steepest 
gradient. 


А \Е| |G 


7 Determine the gradient of the following lines. 
b y с y 


3| (4,3) (2,4) 


Problem-solving and reasoning 


8 a Copy and complete the table below. 


Line segment Rise Run Gradient D 
AB С 
АС 
AD 
BC 
BD 
CD 


b What do you notice about the gradient between points on the same line? 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


366 Chapter 6 Straight-line graphs 


Use the formula m = =—- to find the gradient of the line segments between the following pairs of 
28! 


points. 
a y b M 
A (3,4) A 
Vis 8) 
(122) >x 
э»-Х O 
2 (5,-1) 
Solution Explanation 
a т=2 71 Write the rule. 
X23 ХІ 
BL (1,2) — (3,8) 
йе 
6 * У! Х, У; 
Е? It does not matter which point is labelled (x1, 1) 
=? and which is (x2, y2). 
b m=22—71 Write the rule. 
309 = Bi 
m (-3,4) (5,-1) 
тэс! 
25 Ху Vi X5 У 
~ 8 Remember that 5 – (-3) = 5 +3 = 8. 
5 


Now you try 


Use the formula m = а to find the gradient of the line segments between the following pairs of 
J= Ki 


points. 

a y b y 
(-2, 6)A 

(5,4) 
152 40 
ры = 5 
(3-1) 
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9 Use the formula m = 22-41 to find the gradient between these pairs cS 
Хр = ХІ ас 


of points. Hint: First copy the coordinates а 
a y b y C y and label them. 


(iL, (L3 


2 3) P adl Жу} Ху? 
( 


1,1) : (2,1) 9 (7, 1) е © 
О О O Hint: You can choose either 7 


point to be (x1, y1). 


d y e 
(0, 5) 
(2, 1) 
O X 
10 Find the gradient between the following pairs of points. 5 

a (1,3) and (5,7) b (-1, -1) and (3,3) Hint: Use m = 22—271, 

c (-3,4) and (2,1) d (-6,-1) апа (3-1) SH 

e (1,-4) and (2,7) 1 (-4,-2) and (-1, -1) 


m 11 The first section of the Cairns Skyrail travels from Caravonica terminal at5m EET 2 
above sea level to Red Peak terminal, which is 545 m above sea level. This is be in the same units. 
across a horizontal distance of approximately 1.57 km. What is the overall 
gradient of this section of the Skyrail? Round your answer to three decimal places. 


Ж From Bakersville to Rolland 


12 A transversal map for a bike ride from Bakersville to Rolland is shown. 


LLL г лакаи x G CF 
М20121:1111Е 1 Т1 ӨРХ? 
72111111 Чү111111111111111:4117"- 

a Which sections, A, B, C, D, E, F, G or H, indicate travelling a positive gradient? 

b Which sections indicate travelling a negative gradient? 

c Which will be the hardest section to ride? 

d Which sections show a zero gradient? 

e Which section is the flattest of the downhill rides? 
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6F Rates from graphs 


e To know that a rate compares two quantities 
e To understand the connection between rate and the gradient of a straight line 
e Tobe able to calculate speed (using distance ~ time) and other rates from a graph using the gradient 


Key vocabulary: rate, gradient, speed 


The speed or rate at which something changes can be analysed by 
looking at the gradient (steepness) of a graph. Two common rates are 
kilometres per hour (km/h) and litres per second (L/s). 

Graphs of a patient's records provide valuable information for a 
doctor. For example, from a graph of temperature versus time, the rate 
of temperature change in °C/min can be calculated. This rate provides 
important information to help a doctor diagnose an illness. 


o Lesson starter: What's the rate? 


Calculate each of these rates. 

a $60000 for 200 tonnes of wheat. 

Lee travels 840 km in 12 hours. 

A foal grows 18 cm in height in 3 months. 

Petrol costs $96 for 60 litres. 

Before take-off, a hot-air balloon of volume 6000 m? is filled in 60 seconds. 


8 Arate compares two quantities. Many rates show how a quantity changes over time. 


o с со > 


= _ rise 
Е 100 Rate = Tun 
v 100 
S 100 km Яо 
S 
22 = 50 km/h 
Я o= — - 
2 hours 2 
Time (hours) 
8 Rate = change in quantity + change in time 
(EG Koc) (seconds, hours, ...) 
8 The gradient of a line gives the rate. 
8 А соттоп rate is speed. 
e Speed = change in distance + change in time 
(cm), Kimi...) (seconds, hours, ...) 


8 To determine a rate from a linear graph, calculate the gradient and include the units (y unit/x unit); 
e.g. km/h. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Exercise 6F 


Understanding 1,2 
1 Complete the sentences. 
a А rate is found from a linear graph by calculating the of the line. Hint: Choose from: km/h, 
b Arate compares quantities. Braten (Onis DIR Мо 
с Arate has two ; 
d А speed of 60 kilometres per hour is written as 60 
e If the rate of filling a bath is 50 litres per minute, this is written as 50 


2 Write down the rate by calculating the gradient of each line graph. Include units. 


a Á b Á = BEGUN 
100 80 Hint: A rate — gradient with 
units. 
p" Gradient = (8e 

80 $ 60 
ш 3 
$ 2 
© 20 
5 40 

20 > 

О 12 3 4 
Time (minutes) 
2 1 


Time (hours) 


Fluency 


Example 17 Calculating speed from a graph 


A 4WD vehicle completes a journey, which is described by this 


graph. mU ' 

a Forthe first hour, find: x 100 | 
i the total distance travelled E 5m | 
ii the speed A | 

b How fast was the 4WD travelling during: Ололт Мон 
i the first hour? Time (hours) 


ii the second section? 
ili the third section? 


Continued on next page 
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Solution 


a i 
ii 


100 km 
100 km/1 h = 100 km/h 


Explanation 


Read the di 


stance at 1 hour. 


Speed = distance + time 


Speed = distance + time 


is at rest. 


Determine the distance travelled and the 
amount of time, then apply the rate formula. 


Speed = distance + time 


50 km in 2 hours is 50 _ 25 km in 1 hour. 


b i 100 km/l h = 100 km/h 
ii 0 km/1.5 h = 0 km/h The vehicle 
iii (150 — 100) km/(4.5 — 2.5) h 
= 50 km/2h 
= 25 km/h 
Now you try 


2 


A marathon entrant completes a training run which is described by this graph. 
a Forthe first hour, find: 


the total distance travelled 
the speed 


b How fast was the runner travelling during: 


the first hour? 
the second section? 
the third section? 


3 А саг completes a journey, which is described by 
this graph. 


a 


For the first hour, find: 

i the total distance travelled 

ii the speed 

How fast was the car travelling during: 
i the first hour? 

il the second section? 

iii the third section? 


4 A cyclist training for a professional race includes a rest stop 
between two travelling sections. 


a 


For the first hour, find: 

i the total distance travelled 

ii the speed 

How fast was the cyclist travelling during: 
i the second section? 

ii the third section? 
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) 

25 

о 
гэр»: 


N 
© 
1 


Distance (Кт 


= 
© 
1 


© 


Time (hours) 


Distance (km 


Time (hours) 
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6F Rates from graphs 371 


A container is being filled with water from a hose. A 
a How many litres are filled during: rh 
i the first 10 seconds? Ši ] 
ii the final 10 seconds? Ё 10- 
= d 
b How fast (i.e. what rate in L/s) is the container = Ч 
being filled: O 10 20 30 
i during the first 10 seconds? Time (seconds) 
ii during the final 10 seconds? 
ili between the 10 and 20 second marks? 
Solution Explanation 
a ү 5litres Read the number of litres after 10 seconds. 
ii 10 litres Read the change in litres from 20 to 30 seconds. 
b i 51/10s=0.5 Ш 5 litres is added in the first 10 seconds. 
ii 10 L/10 s = 1 L/s 10 litres is added in the final 10 seconds. 
51/105-10:517/5 5 litres is added between 10 and 20 seconds. 
Now you try 
A bucket is being filled with water from a tap. 
a How many litres are filled during: A 
| the first 10 seconds? 2 84 
ii the final 5 seconds? = Gd 
S 
b How fast (i.e. what rate in L/s) is the bucket being filled: Е Л 
i during the final 5 seconds? 5 2- 
ii between the 5 and 10 second marks? О | j m 
5 10 15 
Time (seconds) 
5 Alarge carton is being filled with milk. Á 
a How many litres are | 4 34 
filled during: E ! | g 
" | 3 Rate = volume = time = 
i the first 10 seconds? х 24 
ii the final 10 seconds? E ; 
S 14 
b How fast (i.e. what rate in L/s) is the container = 
being filled: 7 | | со» 
і during the first 10 seconds? 10 20 30 
ii during the final 10 seconds? Time (seconds) 
ili between the 10 and 20 second marks? 
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6 A large bottle with a long narrow neck is being filled with 
water. 
a How many litres are filled during: 
i the first 10 seconds? 
ii the final 10 seconds? 


b How fast (i.e. what rate in L/s) is the bottle 
being filled: 
i during the first 10 seconds? 
ii during the final 10 seconds? 
iii between the 10 and 20 second marks? 


Volume (litres) 


Time (seconds) 


Problem-solving and reasoning 7,8 


7 А postal worker stops to deliver mail to each of three 

houses along a country lane. 3 

a What is the total length of the country lane? 

b What is the total time the postal worker spends 
standing still? 

c Find the speed (use km/min) of the postal worker 
at the following times. 
i before the first house O | 
ii between the first and the second house ra E 20 E2 
iii between the second and the third house Tim iny 
iv after his delivery to the third house 


Distance (km) 


8 Three friends, Anna, Billy and Cianne, travel 5 Кт from school to the library. Their journeys 
are displayed in the three graphs below. All three graphs are drawn to the same scale. 


Distance (km) 
Distance (km) 
Distance (km) 


> > > 
Time Time Time 


a If Anna walked a short distance before getting picked up by her mum, which graph 
represents her trip? 


If Cianne arrived at the library last, which graph best represents her journey? 
Which graph represents the fastest journey? Explain your answer. 


. peus 
9 a Draw your own graph to show the following | ЭЭ 

journey: 10 km/h for 2 hours, then rest for 1 hour, nint ы 

J y: 4 4 Mark each segment one at 

and then 20 km/h for 2 hours. atime. 10 km/h for 2 hours 

b Then use your graph to find the total distance covers гоо of 
travelled. о 
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10 A lift starts on the ground Тоог (height 0 m) and moves to floor 3 at a rate of 3 m/s for 5 seconds. After 
waiting at floor 3 for 9 seconds, the lift rises 45 m to floor 9 in 9 seconds. The lift rests for 11 seconds 
before returning to ground level at a rate of 6 m/s. Draw a graph to help find the total time taken to 
complete the movements described. Use time, in seconds, on the horizontal axis. 


sr Sienna’s training 


11 Sienna is training for the Sydney Marathon. Her distance-time graph is shown below. 
a How many stops does Sienna make? 
b How far does she jog between: 
i бат. and 7 a.m.? 
ii 7:30 a.m. and 8:30 a.m.? 


c Which sections of the graph have a zero gradient? 


d Which sections of the graph have the steepest gradient? 
e At what speed does Sienna run in section: 
i A? ii C? iii E? iv F? у H? 
f In which sections is Sienna travelling at the same speed? How does the graph show this? 
g How long does the training session last? 
h What is the total distance travelled by Sienna during the training session? 
i What is her average speed for the entire trip, excluding rest periods? 
Sienna's training 
40 
H 
G 
F 
30 
€ E 
== 
3 
S D 
S 20 
2 
& 
С 2 
10 3 
B 
^ m: 
A 
> 
6 a.m. 7 a.m. 8 a.m. 9 a.m. 10 a.m. 11 a.m. 
Time 
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374 Chapter 6 Straight-line graphs 


М) J) 1 The graph at right shows the growth of a plant A 
оенэ measured at weekly intervals. 707 
a Whatis the initial height of the plant? 5: 604 
b How much does the plant grow in 6 weeks? E 50- 
c Use the graph to find the height of the x 404 
plant after 4 weeks. 20 304 
d Extend the graph to estimate the height of = лу 
the plant after 8 weeks. 10 
O 


2 The graph at right shows the journey of a car. 
a Whatis the distance travelled in the first 2 hours? 
b Whatis the speed in the first 2 hours? 
c Whatis the speed in the final section after the 
rest break? 


- 
= 
V 
9 
Ф 
м 
©) 
О 
= 
ай 


© izgs 
Time (hours) 


3 Sketch a distance-time graph for a runners training session. Display the following information 
in your graph: 
* covers 6 km in 30 minutes 
• 4km covered in first 15 minutes 
* a5-minute rest after 15 minutes. 
4 Plot the graphs of the following by first completing the table of values. 
а у-3х-1 b y=-2x+3 
Xx =2 =! 0 1 2 х =2 =| 0 1 2 
y y 


5 Asailing boat can be hired for $60 per hour with an initial fee of $40. 
a Complete the table of values. 


No. of hours (n) 1 2 3 4 5 
Cost ($C) 


b Plot a graph of cost against number of hours. 
€ Use the graph to determine: 
i the cost for 2.5 hours of hire 
ii how long the sailing boat was hired if the cost was 5250 


= 


ENS 6 Find the midpoint and length of the following. 
b aline segment joining (—2, 7) and (4, 12) 


124 (5, 10) 


(2, 6) 


чол л ш тгк 
© Ore s 


ИЖЭ 7 Find the gradient of the following lines. 


a y b y 

А А 

Griz) 
О Х О X 
(4, —2) 

C y d y 

А А 

7; Ес О 3 s 
22 


ИЖЭ 8 Calculate the gradient of the line segment with end points (-3, 2) and (2, 6). 


6G у= mx + c and special lines 


To know that the y-intercept is the point where a graph crosses the y-axis 

To know how the gradient and y-intercept can be determined from a straight line equation 

To be able to sketch a straight-line graph using the gradient and the y-intercept 

To be able to sketch vertical and horizontal lines and lines passing through the origin from their equation 
To be able to determine if a point is on a line 


Key vocabulary: gradient-intercept form, gradient, coefficient, y-intercept, horizontal, vertical 


Most straight-line graphs can be described by a linear y 
equation y = mx ^ c. 

The gradient, m, is the coefficient of x, and c is the y-intercept. 
This is why this rule is called the gradient-intercept form. 


At right is a graph of y= 3€ 


the gradient the y-intercept 


223 с= +1 
то 


у 09 3 сч QN ы со 


Mathematicians use rules and graphs to help determine how many 
items should be manufactured to make the maximum profit. For 
example, profit would be reduced by making too many of a certain 
style of mobile phone that soon will be outdated. A knowledge of 
graphs is important in business. 


© Lesson starter: Matching lines with equations 


Below are some equations of lines and some graphs. Work with a classmate and help each other to match 
each equation with its correct line graph. 


а у-2х-3 b у=ўх+2 с у= -5х+1 
20 у РИ -3 
d y=-2x+2 8825 3 Ї у=ух+1 
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y=mx+c is called the gradient-intercept form, where m and c are constants. 
rid аеу-3х-4,у- lx- 3 andy s 


e The gradient or slope equals m (the coefficient of x). 


e The y-intercept is the y value at the point where the line cuts the y-axis. 
In y 2 mx + с, the y-intercept is c. 


8 Some special lines include: y 
e horizontal lines: y = c (m = 0) А у= тх 
e vertical lines: x = k (m is undefined) 
e lines passing through the origin (0, 0): y = mx (c = 0) 


k 
»X 
O ye 
Exercise 6G 
Understanding | 1-3 
1 Complete the sentences. 
а y=mx-+cis called the — form of a straight line. 
b The symbol m stands for the Л 
y А ; Hint: N "a 
c In the equation, the gradient, m, is the of x. Choose from: gradient, intercept, = 
d The symbol c stands for the . zero, y-intercept, coefficient. 
e A horizontal line has a gradient. 


2 Form rules of the form y = mx + c for the following straight-line graphs: == 
a gradient = 3, y-intercept = – 1 Е Ф 
Эн эу B m is the gradient 
b gradient = »» intercept -2 cis the y-intercept 
c gradient = –1, y-intercept = 0 


3 Identify the following special lines as: horizontal, vertical or passes though the origin. 
а у-2 b x=-3 с у-2х 4 х-0 е y=-x 


Fluency 


Example 19 Reading the gradient and y-intercept from an equation 


For the following equations, state: 


i the gradient ii the y-intercept 
а y=3x+4 
СОВЕ 
ЕЕ 
Continued on next page 
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378 Chapter 6 Straight-line graphs 


Solution Explanation 
a i Gradient is 3. The coefficient of x is 3; i.e. m = 3. 

ii y-intercept is 4. The value of c is +4. 
b i Gradient is -i The coefficient of x is -$ i.e. m= -3. 

ii y-intercept is —7. The value of c is —7; don't forget to 

include the — sign. 

Now you try 
For the following equations, state the: 

i gradient ii у-іпїегсерї 
аг сын 

жу! 
5 p= 3* 32 
4 For each of the following equations, state the: 
i gradient il y-intercept Hint: The gradient is the coefficient of е 
а у= 2х+4 р у= 6х-7 x, which is the number multiplied by 
2 x. It does not include the x. Write the 
с p=- 35+ 7 d у= -7х- 3 y-intercept, including the sign of с. 
e y-ix-8 ME LIO 5 


Sketch the graph of y = 3x + 2 by considering the y-intercept and the gradient. 
Solution Explanation 

Consider y = mx + с; the value of c is 2 and therefore the 
y-intercept is 2. 

The value of m is 3 and therefore the gradient is 3 or + 


Start at the y-intercept 2 and, with the gradient of 3 move 


жы 1 right (run) and 3 up (rise) to the point (1, 5). 


Join the points in a line. 


Now you try 
Sketch the graph of у = 4x — 1 by considering the y-intercept and the gradient. 


5 Sketch the graph of the following by considering the y-intercept and 527 
the gra dient Hint: Plot the y-intercept first. ub 
| For a line with m = —2: 
= = = 00) ON 
a y=2x+3 b y=3x-12 m=-2>5 right 17 
C у=х+4 d у--2х-5 From the y-intercept, go right 
E f — | ] then down 2 to plot the 
е у 1 У next point. 
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6G у= тх + сапа special lines 379 


Sketch the graphs of these equations. 


a y-2 b х= -3 6-2. 
Solution Explanation 
a y Sketch a horizontal line passing through (0, 2). 
2 
О 20 
b y Sketch a vertical line passing through (-3, 0). 
ED 7 F 
с Whenx=0, r= 2(0)-0. The line passes through the origin (0, 0). 
Мел үг21)7-2-2 Use x = 1 to find another point. 
y Sketch the graph passing through (0, 0) 
andi 
X 
Od, -2) 
Now you try 


Sketch the graphs of these equations. 


amp б х=! с у=4х 
6 Sketch the following lines. Hint: For the line equation y = 2, every 1 
a y-4 b у--2 C ў=5 point on the line has a y value of 2; 
d x=5 e x=-2 f x29 e:95(2372)022) 0172) (822) For 
g y=3x h y=6x | y=-2x the line equation x = —3, every point 


on the line has an x value of —3; e.g. 
Gs (Ез) (су A): 


7 Determine the gradient and y-intercept for the following lines. 


a y b y 
(4, 4) 9 


3 Hint: Use m = E for the gradient 
x 2 between two known points. 
[9 О * 
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Problem-solving and reasoning 8, 9, 10(75), 12 


8 Ма 
а 


d 
g 


c oo 


10 


© с) Зо 


11 a 


tch each of the following linear equations to one of the sketches shown. 
уз-х-2 р уз-х-4 с узх-3 
у-2х-4 е y=4 f y=7x that gives a straight-line graph. 
у= -3х+6 h x=2 | y=-3x 


ii y йй 

Hint: For a negative gradient, move 
6 the negative sign to the numerator. 
2 _ —2 _ down 2 


m--& 


3 3  right3 


vi 


ix y 
(-1, 3) 
О х 


Write down three different equations that have a graph with а y-intercept of 5. 
Write down three different equations that have a graph with a y-intercept of —2. 


>< 


vii viii 


>< 


(1,7) 


Write down three different equations that have a graph with a gradient of 3. 

Write down three different equations that have a graph with a gradient of —1. 
Write down three different equations that have a graph with a gradient of 0. 

Write down three different equations that have a graph with an undefined gradient. 


Which of the following points lie on the line y = 2? 

i (2,3) ii (1,2) iii (5,2) iv (-2, -2) 
Which of the following points lie on the line x = 5? 

E (5,3) ii (3,5) ii (1,7) iv (5, -2) 


Hint: A linear equation is an equation à 


ар 
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Example 22 Identifying points on a line 


Does the point (3, —4) lie on the line y = 2x — 7? 


Solution Explanation 
yum Copy the equation and substitute x = 3. 
p=2x3=7 The y value for x = 3 is y = -1. 
yel Compare the y values. 
z-4 The point (3, —1) is on the line. 
МО, (3, 74) is not on the line. So (3, -4) is not on the line. 
Now you try 


Does the point (—2, 5) lie on the line y = 3x +2? 


12 a Does the point (3, 2) lie on the line y = x+ 2? © 
b Does the point (—2, 0) lie on the line y = x + 2? Hint: Substitute the х value into ihe | 
: Е Е equation and compare the two у values. 
с Does the point (1, —5) lie on the line y = 3x +2? When the y values are the same, the 
d Does the point (2, 2) lie on the line y = x? point is on the line. 
e Does the line y — 2x = 0 pass through the origin? 
13 Draw each of the following on a number plane and write 15) 
down the equation of the line. Hint: Use your graph to find the gradient e 
a x 0| 1 2 3 b x 011 2 3 between two points (77) and locate the 
y 4| 5 6 7 y -1 0 1 2 y-intercept (c). Then use y = mx + с. 
с 1Х1-2101416 d (х1-2101214 
у!-110 2 3 y |—3{|1 5 9 


Ч Graphs using technology Sa) 


Е 14 Use technology to sketch a graph of these equations. 


a у=х+2 b у--4х-3 с у=1х-1 d у= 1.5х+3 


е у= 2х- 5 f у= 0.5х+ 5 g у= -0.2х- 3 h у= 0.1х- 1.4 


Н 15 а Onthe same set of axes, plot graphs of y = 2x, y 2 2x & 1l, y = 2x *4, y = 2x - 2 and y = 2x – 3, using 
a calculator. 
Discuss what you see and describe the connection with the given equations. 
b On the same set of axes, plot graphs of y= x—-1,y=2x-1,y=3x- Ly-ix-1 and y- х 1, 
using a calculator. 
Discuss what you see and describe the connection with the given equations. 


c The equations of families of graphs can be entered into a calculator using one line only. For example, 
у= 2х+1,у = 2х+2 and y = 2х+3 сап be entered as y = 2x + (1,2, 3} using set brackets. Use this 
notation to draw the graphs of the rules in parts a and b. 
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6H Parallel and perpendicular lines 


Learning intentions 


e To know that parallel lines have the same gradient 

e То know the relationship between the gradients of perpendicular lines 

e To be able to determine if lines are parallel or perpendicular using their gradients 
e To be able to find the equation of parallel or perpendicular lines 

Key vocabulary: parallel, perpendicular, gradient, reciprocal, y-intercept 


Euclid of Alexandria (300 BCE) was a Greek mathematician and is known 
as the ‘Father of geometry’. In his texts, known as Euclid’s Elements, his 
work is based on five simple axioms. 

His fifth axiom, the Parallel Postulate, says that if cointerior angles do 
not sum to 180? then the two lines are not parallel. Furthermore, if the 
two interior angles are equal and also sum to 1802, then the third line 
must be perpendicular to the other two. 


a? b? 5 
а+Ь= 180 
a=b=90 


a+b#180 


Parallel and perpendicular lines, including their gradient and rule, are 
the focus of this section. 


© Lesson starter: Gradient connection 


Shown here is a pair of parallel lines and a third line that is perpendicular to the other two lines. 

e Find the gradient of each line using the coordinates shown on the graph. 

* What is common about the gradients Тог the two parallel lines? 

e |5 there any connection between the gradients of the parallel lines and the perpendicular line? Can you 
write down this connection as a formula? 
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СОВЕ Үеаг 10 


8 Two parallel lines have the same gradient as they point in the same direction. 


For example, y = 3x — 1 and y = 3x + 3 have the same gradient of 3. 


8 Two perpendicular lines (lines that are at right angles to each 
other) with gradients m, and тэ satisfy the following rule: 


m|xm»--lorm»- -L (i.e. m is the negative reciprocal 
1 

of mı). 

In the graph shown, m; x m» =2 x 


eh 
ЕЕ 


8 Equations of parallel ог perpendicular lines can be found by: 
e first finding the gradient (m) 
e then substituting a point to find c in y=mx+c 


Exercise 6H 


Understanding 


1 Forthis diagram: 

a Which lines, B, C, D or E, are parallel to line A? 
Which lines, B, C, D or E, are perpendicular to line A? 
Are lines C and D parallel? 

Are lines B and E parallel? 
Are lines E and C perpendicular? 


ооо c 


2 Write down the gradient of a line that is parallel to the graph of 
these equations. 


a y-4x-6 b y-2-7x-1 
8 ао 
с у= 1572 d у=5Х-5 


3 Usem = E to find the gradient of the line that is perpendicular 


to the graphs of these equations. 


a у-3х-1 b у= -2х+6 Ї 
7 2 4 4 (7 
C у=5х- 5 d у= -=х- 5 [4 
dE dE ин к 8 
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384 Chapter 6 Straight-line graphs 


4—6(%) 4—6(У) 


Decide if the graph of each pair of rules will be parallel, perpendicular or neither. 


а у= 4х+2 апа у = 4х – 6 


Solution 


а у= 4х+2,т=4 


y=4x-6,m=4 


So the lines are parallel. 


|) ves = 67S 3 (1) 


zl E 
у=зх+1,т 3 (2) 
Ес Ее 

= 1 


So the lines are perpendicular. 


Now you try 


b y=-3x-8andy=4x+1 


Explanation 


Note that both equations are in the form 
P = N A €. 


Both lines have a gradient of 4, so the lines are 
parallel. 


Both equations are іп the form y = mx +c. 


Test mı х тә = == ||. 


Decide if the graph of each pair of rules will be parallel, perpendicular or neither. 


а y——3x +2 and y——3x — 7 


b у=4х-2апйу=-}х+1 


4 Decide if the line graphs of each pair of rules will be parallel, perpendicular or neither. 


a 


a o 


Ф 


у= 2х - 1 апа у= 2х+1 
у= 3х+3 and y= =1х+1 
у= 5х+2 and y=6x+2 
у=-4х-1апйу=фх-1 
у=3х-1апду=3х+7 


== d e. 
у= 5х бапау= 5х 4 


шааж —— 

ys х1 апау 33 3 

ye-4Ax-2andysx-7 
3 7 


= ыг 
yarax 5 and y 3+2 


у= -8х+4апіу= х2 
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Hint: If the gradients are equal, then the 


lines are parallel. If 71] x m» = —1, 
then the lines are perpendicular. 
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Example 24 Finding the equation of a parallel ог perpendicular line 
when given the y-intercept 


Find the equation of the line, given the following description. 


a Aline passes through (0, 2) and is parallel to another line with gradient 3. 
b Aline passes through (0, —1) and is perpendicular to another line with gradient —2. 


Solution Explanation 
а mesam es? A parallel line has the same gradient. 
So y=3x+2. Use y = mx +c with m= 3 and 


y-intercept 2. 


210 ST es ; ; EE 
b m= IE 25 ainel e == =] Being perpendicular, use m» 27 
1 Note also that the y-intercept is —1. 
Soyez 
2 
Now you try 


Find the equation of the line, given the following description. 


a Aline passes through (0, 4) and is parallel to another line with gradient 2. 
b Aline passes through (0, 3) and is perpendicular to another line with gradient 4. 


5 Find the equation of the lines with the following description. Hint: In y = mx +c, mis the 
a A line passes through (0, 2) and is parallel to another gradient and c is the y-intercept. 
line with gradient 4. 
A line passes through (0, 4) and is parallel to another line with gradient 2. 
A line passes through (0, —3) and is parallel to another line with gradient —1. 
A line passes through (0, 3) and is perpendicular to another line with gradient 2. 
A line passes through (0, —5) and is perpendicular to another line with gradient 3. 95 


- о a о c 


A line passes through (0, —10) and is perpendicular to another line with gradient L | 
g Aline passes through (0, 6) and is perpendicular to another line with (3) 
gradient L 


h Aline passes through (0, —7) and is perpendicular to another line with gradient -4 
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Chapter 6 Straight-line graphs 


Find the equation of the line that is: 


а parallel to y = —2x — 7 and passes through (1, 9) 


b perpendicular to у= ЭЭР passes through (3, -2) 


4 


Solution 


gone 


ПО =z 
02-4552:2:40 
Substitute (1, 9): = —2(1)+с 
Ше 
& ges Ш 
b y=mx+c 
Бэ. 
шит 
4 
220: 
- 1х7 
eed 
уз-4х-с 
Substitute (3,—2): -2--4(3)-с 
=2 = [e 
E= 10) 
ъй = ear IU 
Now you try 


Find the equation of the line that is: 


a parallel to y 2 3x — 4 and passes through (2, 3) 


Explanation 


Since the line is parallel to y = -2x — 7, 
m = —2. Write the equation y = mx * c 
Ши = 27 


Substitute the given point (1,9) where 
х= 1 and y = 9 and solve for c. 


The gradient is the negative reciprocal of L 


Se RET 
s 1x7 


Substitute (3, —2) and solve for c. 


b perpendicular to у= -5х+2 and passes through (—1, 4) 
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6 Find the equation of the line that is: 


a 
b 


C 


parallel to y = x +3 and passes through (1, 5) 

parallel to y 2 —x — 5 and passes through (1, 7) 

parallel to y 2 —4x — 1 and passes through (-1, 3) 
2 


=, 
Hint: First find mm. Then write y=mx+c. @@ 
Substitute a point to find c; e.g. for (1, 5) 
substitute x = 1 and у = 5. 


d parallel to у= =х+ 1 and passes through (3, —4) 


3 


e perpendicular to y = 2x +3 and passes through (2, 5) 
f perpendicular to y = —4x + 1 and passes through (-4, —3) 


g perpendicular to y — 5х — 4 and passes through (4, -1) 
h perpendicular to у= -2x = 4 and passes through (-8, 3) 


Problem-solving and reasoning 


7 The lines on this grid are either parallel or perpendicular to each 


other. 

a What is the gradient of each of these lines? 
i A ii D 

b Whatis the equation for the following lines? 
i A il B 
ili C iv D 
v E vi F 


8 In its original position, the line A has equation y = 2, 

as shown. 

a Line A is rotated to form line B. What is its new 
rule? 

b Line B is shifted to form line C. What is its new 
rule? 

c Line C is rotated 90? to form line D. What is its 
new rule? 

d Line A is rotated 90? to form line E. What is its 
new rule? 
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9 Recall that the negative reciprocal of, say, 3 is -3 


Use this to help find the equation of a line that: 

a passes through (0, 7) and is perpendicular to у = 2x43 
b passes through (0, —2) and is perpendicular to у= 2x4 1 

с passes through (0, 2) and is perpendicular їо у = -ix =3 
d passes through (1, —2) and is perpendicular to у= -$х -1 


10 Decide if the graphs of each pair of rules will be parallel, perpendicular or neither. 
1 


а 2у+х= 2 апау= -5х- 3 
1 Hint: First write each rule ! 
-у= 4апу= х+= Са 
D x=} and y 2 in the form y = mx + c. 


с 8y+2x=3andy=4x+1 
3x-y=2andx+3y=5 


е. 


“р Perpendicular and parallel geometry 


11 A quadrilateral, ABCD, has vertex coordinates A(2, 7), B(4, 9), C(6, 3) and D(8, 5). 
а Find the gradient of these line segments. 
i AB ii CD 
ili BD iv AC 
What do you notice about the gradient of the opposite sides? 
What type of quadrilateral is ABCD? 


y 
A 


12 The vertices of triangle ABC are A(0, 0), B(3, 4) and qx. 0} 
а Find the gradient of these line segments. 
i AB ii BC ili CA 
b What type of triangle is AABC? 
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6| Sketching with x- and y-intercepts 


e To know that the x-intercept is the point where a graph crosses the x-axis 

e To know how to find the x and y intercepts of a straight-line graph from its equation 
e То know that only two points are needed to sketch a straight line 

e То be able to sketch a linear graph using its x and y intercepts 

Key vocabulary: x-intercept, y-intercept, x-axis, y-axis 


Only two points are required to define a straight line. Two convenient points are the x- and y-intercepts. 
These are the points where the graph crosses the x- and y-axis, respectively. 

The axis intercepts are quite significant in practical situations. For example, imagine that 200 га? of dirt 
needs to be removed from a construction site before foundations for a new building can be laid. The graph 
of volume remaining versus time taken to remove the dirt has a y-intercept of 200, showing the total volume 
to be removed, and an x-intercept showing the time taken for the job. 


Ө Lesson starter: Leaking water 


A family that is camping has 20 litres of water in a plastic container. The water begins to 
slowly leak at a rate of 2 litres per hour. 
* Sketch two axes labelled ‘Volume’ and ‘Time’. 


e А{т= 0, what is the volume of water іп the container? Mark and label this $ 
point on the Volume axis. - 
* How long will it take the water container to be empty? Mark this point on the E 
Time axis. 2 
e Join these two points with a straight line. Time (hours) 


Write the coordinates of the Volume axis intercept and the Time axis intercept. 
Follow the order (i.e. Time, Volume). 
Can you suggest a rule for finding the volume of the water in the container after t hours? 


Key ideas 


8 Astraight line can be sketched by finding axis intercepts. y 


y-intercept 


8 The x-intercept (where the line cuts the x-axis) is where y = 0. 
Find the x-intercept by substituting y = 0 into the equation. 


8 The y-intercept is where x = 0. 
Find the y-intercept by substituting x = 0 into the equation. 


8 Once the axis intercepts are found, plot the points and join to form the 
straight-line graph. 


x-intercept 


Exercise 6! 


Understanding 


1 Copy and complete these sentences. 
a The x-intercept is where = 0. b The y-intercept is where 20, 


2 Plot the following x- and y-intercept coordinates and join 
in a straight line to form the graph. 
a (0,3)and (-2,0) b (0,-1) and (2, 0) с (0,-4) and (-1, 0) d (0,3) and (5,0) 
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Fluency 


Example 26 Sketching lines in the form ax + by = d, using 
x- and y-intercepts 


Sketch a graph of 3x — 4y = 12 by finding the x- and y-intercepts. 


Solution Explanation 
эр yy — 12 
x-intercept (у = 0): 3х-4(0/-12 Find the x-intercept by substituting у = 0. 
Boc Simplify. Any number multiplied by 0 is 0. 
x24 Divide both sides by 3 to solve for x. 
y-intercept (x = 0): 3(0) — 4y = 12 Find the y-intercept by substituting x = 0. 
-4y = 10 Simplify and retain the negative sign. 
quc Divide both sides by —4 to solve for y. 
y Sketch the graph by first marking the 
А x-intercept (4, 0) and the y-intercept (0, —3) and 
join them with a line. 
х 
O 4 
-3 


Now you try 
Sketch a graph of 5x + 3y = 15 by finding the x- and y-intercepts. 


3 Sketch graphs of the following equations by finding the x- and y-intercepts. 


a 3х-2у-6 b 2x+6y=12 UE m 
ае B ON int: Two calculations are required: 

с 3х-4у-12 d 5х-2у-20 Substitute у = 0 and solve for | 

e —2x+7y=14 f -х-3у-3 x-intercept. Substitute x — 0 

g -х-2у-8 h -5x-9y290 and solve for y-intercept. 


4 Match each of the following linear equations of the form ax + by = d to one of the graphs shown. 


a х-у-3 b 2x-y=4 с х-3у-6 
i ii y iii y 
3 
X 2 X 
О 3 O 
-4 
5. 
Ч el 
Hint: First find the x- and y-intercepts @ 7 
for the line equation. 
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61 Sketching with x- and y-intercepts 


Sketch the graph of y = —2x +5 by finding the x- and y-intercepts. 


Solution Explanation 
pS Doerr S 
x-intercept (y = 0): 0--2х-5 Substitute у = 0. 
-5-0-2Х Subtract 5 from both sides. 
х=2.5 Divide both sides by —2. 
y-intercept is (x = 0): у= —2(0) +5 Substitute x = 0. 
=5 Simplify. 
y Sketch the graph by first marking the 
x-intercept (2.5, 0) and the y-intercept (0, 5). 
5 
0| 2.5 i 


Now you try 
Sketch the graph of y = 3x — 9 by finding the x- and y-intercepts. 


5 Sketch graphs of the following equations by finding the x- and y-intercepts. 


а у-2х-1 b y=3x-2 с у= -4х- 3 
1 3 Hint: 58: 0--1х-1 
d y=-x+2 e у= -5х+1 f у=5х-3 2 
2 2 Si 
3 
Now multiply both sides by 2. 


6 Match each of the following linear equations of the form y 2 mx + c to one of the sketches shown. 


a y-x-«l D y=3x=1 с у= -2х+2 
і у ii y iii y 
А А А 
2 1 1 
РЕ 
2m x О > Х я O > Xx 
-1 
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Problem-solving and reasoning 


7 Match each of the following linear equations to one of the graphs shown. 


a 2x+y=4 b x-yz3 с у-х-1 
d у--2х-3 e 3x-5y-15 f y-íx-1 
i ii j iii y 
3 
O и 0825 76 
-3 
iv y v vi y 
А 
4 
В) 
X 
О Als x 
-3 


8 By first finding the x- and y-intercepts of the graphs of these equations, ёл 
find the gradient in each case. Hint: A quick sketch of 


a 2х+у=4 b x-5y-10 с 4х-2у=5 d –1.5х+3у=4 И 
intercepts will help to 


9 For the graphs of each of the following equations, find: Ои 
і the x- and y-intercepts 
ii the area of the triangle enclosed by the x- and y-axes and the graph of each equation 
Remember that the area of a triangle is 4 = Lon, 


a 2x-y=4 b -3x+3y=6 с y=-2x-3 d у=1х+2 


10 The height, h, in metres, of a lift above ground after / seconds is given by л = 90 – 121. 
a How high is the lift initially (i.e. at t= 0)? 
b How long does it take for the lift to reach the ground (i.e. at h = 0)? 


11 If ax+by = а, find a set of numbers for a, b and d that give an x-intercept ТЭЛЭЭ 1200 
of (2,0) and y-intercept of (0, 4). to start. 


P d Axes intercepts using technology 


12 For the following rules, use technology to sketch a graph and find the x- and y-intercepts. 


a у-2х-4 b y-2-2x- 10 с уз-х-1 
d y+2x=4 e 2у-3х-12 Т 3y=-2x=2 
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64 Linear modelling Ж 


Learning intentions 


e То be able to find the equation of a straight-line graph 

e To be able to form a linear model from a word problem relating two variables and sketch its graph 
e To be able to use a linear model to solve a problem 

Key vocabulary: linear, gradient, y-intercept, modelling 


When given at least two points, you can find the equation of a straight line. 
If the relationship between two variables is linear, then: 

e the graph of the relation is a straight line 

e arule can be written in the form y = mx + с. 


o Lesson starter: Trainee pay 


Isabella has a trainee scholarship to complete her apprenticeship as a mechanic. She is paid $50 per week 
plus $8/h for work at the garage. 


Isabella's weekly wage can be modelled by the rule: 


Wage = 81+ 50, where t is the number of hours worked in 

a week. 

e Explain why the rule for Isabella's wage is Wage = 8: + 50. 

e Show how the rule can be used to find Isabella’s wage after 
10, 20 and 35 hours. 

* Show how the rule can be used to find how long 
Isabella worked if she earned $114, $202 and $370. 


8 The equation of a straight line can be determined using: 
e у=тх+с 
e gradient = m = 5€ 
run 


e y-intercept 2 c 


8 If the y-intercept is not obvious, then it can be found by substituting 
a point. 


8 Vertical and horizontal lines: 
e vertical lines have the equation x = k, where k is the x-intercept 
* horizontal lines have the equation y = c, where c is the y-intercept 


8 Modelling may involve: 
* writing a rule linking two variables 
e sketching a graph 
* using the rule or the graph to help solve related problems 
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Exercise 6J 


Understanding 1,2 


1 Each week Ava gets paid $30 plus $15 per hour. Decide which rule shows the relationship between 
Ava's total weekly pay, P, and the number of hours she works, л. 
A P=30+n B Р=15п C P=30+15 D P=30+15n 


2 Riley is 100 km from home and is cycling home at 20 km/h. Decide which rule shows the 
relationship between Riley's distance from home, d km, and the number of hours he has been 
cycling, t. 

A P=100t B Р-100-20 C Р-100-20: D Р-100-20/ 


Fluency 


Example 28 Finding the equation of a line from a graph with a known 
y-intercept 


A straight line passes through the points shown. 


>< 


а Determine its gradient. 
b Find the y-intercept. 
c Write the equation of the line. 


= 
о 


(3, 10) 


сл 


1 Т Т Т Т LOO» X 
Ol i 2 345 
Solution Explanation 
a = A Draw a triangle on the y 
graph and decide whether А 
= the gradient is positive or 10 4 r (3, 10) 
3 negative. | | 
-3 1 rc 
БИ бе 
1 =——=——=—===—=——= Т Т Э-Х 
2) Ш ee т 
b The y-intercept is 1, Look at where the graph meets the y-axis. 
90) (8551. 
с ys3xrl Substitute m and c into y 2 mx * c. 
Now you try 
A straight line passes through the points shown. y 
a Determine its gradient. 
b Find the y-intercept. © e 
c Write the equation of the line. 4 ino) 
2 
Т Т Т Т Т »- X 
O 246g 
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3 The graphs below show straight lines. 
i Determine the gradient of each. 
Hint: To find the rise and run, form ў 


ii Find the y-intercept. 
ais : : : a right-angled triangle using the 
iii Write the equation of the line. y-intercept and the second point. 


y 
m 


Example 29 Finding the equation of a line when given a graph with 
two known points 


A straight line passes through the points shown. y 
a Determine the gradient. 15 1 (88855) 
b Find the y-intercept. 3 277 
c Write the equation of the line. 103 p 
51 
4 T T T T TX 
ОЛОО 


Continued оп next раде 
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396 Chapter 6 Straight-line graphs 


Solution 
aco сше 
run 
T 
2) 
= =2 
р у= -=2х+с 
INE CP Gea 
11==6+с 


17 = с, so the y-intercept is 17. 


22122521 


Now you try 


A straight line passes through the points shown. 
а Determine the gradient. 

b Find the y-intercept. 

c Write the equation of the line. 


4 Straight lines passing through two points are shown below. 


i Determine the gradient. 
ii Find the y-intercept. 
iii Write the equation of the line. 


а у b y 

А А 

(3, 10) (2, 4) 
(1, 4) (4, 2) 

О »X 9 > X 
c y d 

(-1, 16) A 

(-4, 1) 
» Xx 
О 
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Explanation 


The gradient is negative. 
Runs?) I=? 

Nise = lil = lm d 

A ‘fall’ of 4 means rise = —4. 
Simplify. 


Write y = mx + c using m = —2. 


Substitute a chosen point into y = —2x + c, (use 
(3, 11) or (1, 15)). Here, x 23 and y = 11. 


Simplify and solve for c. 


Substitute m = -2 and c = 17 into y = mx * c. 


y 
(1, 18) 
(4149) 
э»-Х 
O 

Hint: 

For m, find the rise and run between 

the two given points. 


Choose either point to substitute 
when finding c. If m = 4 and 

(3, 5) = (x, у): 

у=тх+ с. 


АХ 


5=4x3+ с 
Solve for c. 


>< 
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5 Determine the equation of each of the following lines. Hint Vertical lines cut the. x-axis and 
Remember from Section 6G that vertical and horizontal have an equation such as x = 3. Um 


lines have special equations. Horizontal lines cut the y-axis and 
have an equation such as y — —4. 


a y y С y 
А А 
++—-ә— 
4 
0) 
»X »2X >x 
О я> O 3 
-1 
d e f y 
A 
2 
Slo >x 7; э-Х A : >x 


6 Remember that equations of graphs that pass through the origin are of the form 
y = mx (since с = 0). Find the equation of each of these graphs. 


а у b y с у 
А А А 
(2, 6) 
(1,2) сз 2) 0" 
О »-Х О э»-Х 
4 y е y f y 
А А 
0 С (3, 3) (-5, 2) 
1,-3 
(1,=3) 7) >x 5 8 
7 For the line joining the following pairs of points, find: Hint: Substitute the gradient and a point 
i the gradient ii the equation of the line in y = mx + c to find c in part ii. 
a (0,0) and (1, 7) b (0,0) and (2, -3) 
c (-1,1) and (1,3) а (-2,3)and (2, -3) 
е (-4,2) and (7,2) f (3,-3)and (3,1) 
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Problem-solving and reasoning 


Example 30 Modelling with linear graphs 


8,9 


An employee gets paid $20 plus $10 for each hour of work. If he earns $C for t hours of work, 


complete the following. 
a Write a rule for C in terms of f. 


b Sketch a graph, using t between 0 and 10. 


c Use your rule to find: 


i the amount earned after working 8 hours 
ii ће number of hours worked if $180 is earned 


Solution Explanation 
a C=10t+20 $10 is earned for each hour and $20 is a fixed 
amount. 
b CG) 20 is the y-intercept and the gradient is 
_ 10 
120 (10, 120) 10= zs 
60 For t= 10, C = 10(10) + 20 = 120. 
20 
T T T T г-Э»-Ї (hours) 
0 10 
c i С=10(8) +20 Substitute г = 8 into C = 107+ 20. 
= 100 Simplify. 
$100 is earned. Write your answer in words. 
ii 180-10:-20 Substitute С = 180 into C = 107+ 20. 
160 = 107 Subtract 20 from both sides. 
216 Divide both sides by 10. 


16 hours of work is completed. 


Now you try 


Write your answer in words. 


A tennis court costs $100 to hire plus $20 per hour of use. If $C is the cost for г hours of hire, 


complete the following. 
a Write a rule for C in terms of f. 


b Sketch a graph, using ¢ between 0 and 5. 


c Use your rule to find: 


i the cost of hiring for 3 hours 


ii the number of hours of hire if the cost is $260 


8 A seasonal worker gets paid $10 plus $2 per kg of tomatoes that 


Зө? 


Hint: 7 
they pick. If the worker earns $P for п kg of tomatoes picked, rate of pay 
complete the following. Е 
a Write a rule for Р in terms of n. ‚А ) 
b Sketch a graph of Р against л for п between 0 and 10. De nA] 
€ Use your rule to find: amount 


i the amount earned after picking 9 kg of tomatoes 
ii the number of kilograms of tomatoes picked 


if the worker earns $57 
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9 An architect charges $100 for the initial consultation plus e 
$60 per hour thereafter. If the architect earns $A for Hint: ч 
t hours of work, complete the following. Draw a line between the points at | 
a Write a rule for A in terms of t. tz Oand r= 15. 


b Sketch a graph of A against ¢ for t between 0 and 15. 
€ Use your rule to find: 
i the amount earned after working for 12 hours 
ii the number of hours worked if the architect earns $700 


10 Aman' weight when holding two empty buckets of water is 80 kg. 1 kg is added for each litre of water 
poured into the buckets. If the man’s total weight is W kg with / litres of water, complete the following. 
a Write a rule for W in terms of /. 
b Sketch a graph of W against / for / between 0 and 20. 
с Use your rule to find: 
i the man's weight after 7 litres of water are added 
ii the number of litres of water added if the man's weight is 109 kg 


11 The amount of water (W litres) in a leaking tank after 
t hours is given by the rule W = —2t + 1000. 
a State the gradient and y-intercept for the graph of 
the rule. 
Sketch a graph of W against ¢ for t between 0 and 500. 
State the initial water volume at г = 0. 
d Find the volume of water after: 


i 320 hours ii 1 day ili 1 week 
e Find the time taken, in hours, for the water volume to fall 
to: 
i 300 litres ii 185 litres 


$r Production lines 


12 An assembly plant needs to order some new parts. Three companies can supply them but at 
different rates. 
e Mandy's Millers charge: set-up fee $0 + $1.40 per part 
* Terry's Turners charge: set-up fee $3000 + $0.70 per part 
* Lenny’s Lathes charge: set-up fee $4000 + $0.50 per part 
a Complete a table of values similar to the following for each of the companies. 


No. of parts (р) | 0 | 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 9000 
Cost (C) 


b Plot a graph of the total cost against the number of parts for each company on the same set of axes. 
Make your axes quite large as there are three graphs to complete. 


с Use the graphs to find the lowest price for: 
i 1500 parts ii 1000 parts 
iii 6500 parts iv 9500 parts 


d Advise the assembly plant when it is best to use Mandy’s, Terry's or Lenny's company. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 


Cambridge University Press 
CORE Year 10 


Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


6K Direct proportion Ж 


e To understand what it means if two variables are directly proportional 

e То know the form of the equation and graph of two variables in direct proportion 

e To be able to form and use an equation for two directly proportional variables 

e To be able to find the constant of proportionality for two variables in direct proportion 
Key vocabulary: directly proportional, constant of proportionality 


Two variables are said to be directly proportional when the rate of change of one variable with respect to 
the other is constant. So if one variable increases, then the other also increases and at the same rate. For 
example, distance is directly proportional to speed because, in a given time, if the speed is doubled then 
the distance travelled is doubled also. 


o Lesson starter: Discovering the features of direct variation 


Here are five different travel graphs showing how the distance from home varies with time. 


A B C ao A 
18+ 
16 + 
144 
= 12+ 
~ 10+ 
"3 84 
61 
4+ 
24 
> 
О 12345678910 0 12345678910 
t (min) t (min) t (min) 
D E 
= 
м 
"3 
2 12345678910. 
t (min) t (min) 


List all the graphs that show the following features. 

The distance from home increases as the time increases. 

The distance from home decreases as the time increases. 

The person travels at a constant speed throughout the trip. 

The person starts from home. 

The person starts from home and also travels at a constant speed throughout the trip. 
The graph starts at (0, 0) and the gradient is constant. 

The distance is directly proportional to the time (i.e. the equation is of the form y = mx). 


List three features of graphs that show when two variables are directly proportional to each other. 
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Key ideas 


8 For two variables that are directly proportional: 

e Both variables will increase together or decrease Graph of direct variation 

together at the same rate. For example, the cost of y 

buying some sausages is directly proportional to the A 
weight of the sausages. If the weight increases, then 

the cost increases; when the weight decreases, the cost 


decreases. Gradient = rate 


= constant of 
proportionality 
> x 


origin 
e The rate of change of one variable with respect to the 
other is constant. 
e The graph is a straight line passing through the origin (0, 0); i.e. the rule is of the form y = mx. 
* The rule is usually written as y = kx, where k is the constant of proportionality. 
The constant of proportionality, k, is the gradient with units, it is the same as the rate. 


Exercise 6K 


Understanding 


1 Write in the missing words for these statements: increases or decreases. 
a Asthe volume of fuel decreases, the distance a car can travel 
b Asthe volume of fuel decreases, the cost of filling the tank 


2 a Which of these equations show that y is directly proportional to x? zA 


E а ам UP Pes ИЕ Hint: The direct proportion rule 
iV у= 8х+5 v у= 70х is у = kx, where К is the constant 

b State the value of k, the constant of proportionality, of proportionality. 
for each of these direct proportion equations. | 
1 у=5х il y=12x iii d = 40; 
iv V 222t v C=7.5w 

3 For each of the following graphs of direct variation, determine - 
the value of k and write the equation in the form y = kx. Hint: k = gradient = “ise Wi? 
4 b run 
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Fluency 


Example 31 Forming direct proportion equations when given the 
constant of proportionality, k 


For a fixed price per litre, the cost (C) in dollars of buying fuel is directly proportional to the number 
(n) of litres. 


a Write the direct proportion equation, given that k = $1.45/L. 
b Use this equation to calculate the cost of 63 L. 


Solution Explanation 
2 (Cels y = kx becomes C = kn, where К = 1.45. 
b С=145х63 Substitute n = 63 into the equation. 
= $91.35 Write the answer in dollars. 
Now you try 


For a fixed price per litre, the cost (C) in dollars of buying fuel is directly proportional to the number 
(n) of litres of fuel pumped. 

a Write the direct proportion equation, given that k = $1.38/L. 

b Use this equation to calculate the cost of 48 L. 


m 4 For a fixed rate of pay, wages (W) in dollars are directly proportional to the number (л) of 


hours worked. 
a Write the direct proportion equation, given that k = $11.50/h. 
b Use this equation to calculate the wages earned for 37.5 hours worked. 


m 5 Ata fixed flow rate, the volume (V) in litres of water flowing from a tap is directly proportional to the 


amount of time (т) the tap has been turned on. 
a Write the direct proportion equation, given that k = 6 L/min. 


b Use this equation to calculate the volume of water, in litres, flowing from a tap for 4 hours. 


c Change the constant of proportionality to units of L/day and rewrite the equation with this new 
value of k. 
d Use this equation to calculate the volume of water, in litres, 


flowing from a tap for 1 week. М тею Oa a 


minutes їп а day. 


Example 32 Forming direct proportion equations from given 


information 


The amount of wages Sonali earns is in direct proportion to the number of hours she works. 


a Find the constant of proportionality, k, given that Sonali earned $166.50 in 18 hours. 

b Write the direct proportion equation relating Sonali’s wages (W) in dollars and the number of 
hours (n) that she worked. 

c Calculate the wages earned for 8 hours and 45 minutes of work. 

d Calculate the number of hours Sonali must work to earn $259. 
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6K Direct proportion 


-. Sonali must work for 28 h. 
Check: W = 9.25 x 28 = $259 


Now you try 


Solution Explanation 
a k= 166-30 The constant of proportionality, k, is the rate of 
pay. 
= $9.25/h Include units in the answer. 
b W=9.25n y = kx becomes W = kn, where k = 9.25. 
= W=925n Write the equation. 
= 9.25 x 8.75 45 min = 45 + 60 = 0.75 h. Substitute = 8.75. 
= $80.94 Write $ in the answer and round to two decimal 
places. 
4 W=9.25n Write the equation. 
259 = 9.25n Substitute W = 259. 
259 Р Е 
92527 Divide both sides by 9.25. 
28 


Write the answer in words. 


Check that your answer is correct. 


Daniel's wages earned are in direct proportion to the hours he works at the local service station. 
a Find the constant of proportionality, k, given that Daniel earned $200 in 16 hours. 
b Write the direct proportion equation relating Daniel's wages (W) in dollars and the number of 


hours (и) worked. 


с Calculate the wage earned for 6 hours of work. 
d Calculate the number of hours Daniel must work to earn a wage of $237.50. 


The amount that a farmer earns from selling wheat is in direct proportion to the number of 


6 
Н tonnes harvested. 


a Find the constant of proportionality, k, given that a farmer receives $8296 for 34 tonnes 


of wheat. 


b Write the direct proportion equation relating selling price (Р) in dolllars and number of tonnes (л). 


c Calculate the selling price of 136 tonnes of wheat. 
d Calculate the number of tonnes of harvested wheat that is sold for $286 700. 


7 When flying at a constant speed, the distance that an aeroplane has travelled is in direct proportion to 
the time it has been flying. 


а Find the constant of proportionality, k, given that the plane flies 1161 km in 1.5 h. 
b Write the direct proportion equation relating distance (d) in km and time (т) in hours. 
c Calculate the time taken, in hours, for the aeroplane to fly from Sydney to Perth, 


a distance of around 3300 km. Round your answer to two 


decimal places. 


d Calculate the distance that the plane would fly in 48 minutes. 
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in part d. 
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404 Chapter 6 Straight-line graphs 


(0) A length, measured in centimetres, is directly proportional to that length in inches. Use the graph 
below to make the following unit conversions. 


Example 33 Using a unit conversion graph 


a 15 inches to cm b 68 cm to inches 
Length unit conversion graph 


100 
90 
80 
Ё ЯО ree ee se = 
5 60 
= 50 
о 40 
30 
20 
10 ! 
An кш IRE 
O 5 1015 20 25 30 35 40 
Inches 
Solution Explanation 
a 38cm Start at 15 inches. Now move up to the line and then 
across to the centimetre scale. 
b 27 inches Start at 68 cm. Now move across to the line and then 


down to the inches scale. Round your answer to the 
nearest whole number. 


Now you try 


A length, measured in centimetres, is directly proportional to that length in inches. Use the graph 
below to make the following unit conversions. 


a 20 inches to cm b 60 cm to inches 


Length unit conversion graph 


100 
90 
80 
70 
60 
50 
40 
30 
20 
10 


Centimetres 


А Е БЫ | ae US URS 
О 5 1015 20 25 30 35 40 
Inches 
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8 Use the graph in Example 33 to make the following unit 
conversions. Round your answers to the nearest whole 
number. 

a 19 inches to cm 

25 cm to inches 

1 foot (12 inches) to cm 

1 hand (4 inches) to cm 

the height, in inches, of the world's shortest living 

man, who is 54.6 cm tall 

f the height, in cm, of a miniature pony that is 
7.5 hands high 

g the height, in cm, of the world's shortest living woman, who is about 2 feet and 1 inch tall 

h the length, in cm, of a giant Australian earthworm that is 39.5 inches long 


ооо c 


Problem-solving and reasoning 9-11 
m 9 Use the length unit conversion graph in Example 33 to answer 
these questions. Hint: Gradient = 196 = ЫШ. Í 
a Convert 94 cm to inches and use these values to find the gradient of ЭМН EP 
the line, to two decimal places. = gradient with units 
b State the conversion rate in cm/inch, to two decimal places. 
с State the value of К, the constant of proportionality, to two decimal places. 
d Write the direct proportion equation between centimetres (y) and inches (x). 
e Use the equation to calculate the number of centimetres in 50 inches. 
10 Atany given time, an amount in Australian dollars Currency conversion graph 
is directly proportional to that amount in a foreign А 
currency. This graph shows the direct variation (at а 100 - 
particular time) between Australian dollars (AUD) and 904 
New Zealand dollars (NZD), European euros (EUR) and 80 Е 27 
Great British pounds (GBP). 8 40 | = а. 
a Use the graph to make these currency conversions. Ё 60 3 a xs 
i 80AUDtoNZD її 80AUDtoEUR 3 503 е Cad 
Її 80 AUD to СВР iv 50 NZD to AUD S 493 EL 
v 32EURtoAUD | vi 26 GBP to AUD р и жы 
E b Answer these questions, using the line that shows 203 56 ка 
the direct variation between the euro (EUR) and the 104 feet 
Australian dollar (AUD). шы ШЕ Ca eI Бай Ale il 
i Find 40 EUR in AUD and, hence, find the gradient O 102030 40 50 60 70 80 90100 
of the line, to one decimal place. Australian dollars 
ii State the conversion rate in EUR/AUD, to one 
decimal place. Key 
iii State the value of k, the constant of NZD/AUD 
proportionality, to опе decimal place. 17777 EUR/AUD 
iv Write the direct proportion equation between EUR HE GBPAUD 
(y) and AUD (x). Vs) 
V Use the equation to calculate the value in euros of Hint: The rate in EUR/AUD = ? euros, dy 
625 Australian dollars. per 1 Australian dollar. The rate — the 
constant of proportionality, k. 
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406 Chapter 6 Straight-line graphs 


E 11 The cost (C) of buying fuel is directly proportional 
to the volume (V) of fuel pumped. 
a Copy and complete this table for the cost of diesel, 
using the rule C = 1.5V. 


Volume (V) of diesel, in litres | 0 | 10 | 20 | 30 40 | 50 | 2 
Cost (С), in dollars Hint: 


b Plot these points and then use a ruler to join them 
to form a neat graph of Volume (V) vs Cost (C). 
c Find the gradient, m, of the line. 
At what rate is the cost of fuel increasing, in $/L? 


What is the constant of proportionality, k, between > 
cost and volume? Volume 


Cost 


12 For each of the following pair of variables, describe, using sentences, why the variables are in direct 
proportion to each other or why they are not in direct proportion. 
a The number of hours worked and wages earned at a fixed rate per hour. 
b The cost of buying tomatoes and the number of kilograms at a fixed price per kilogram. 
с The speed and time taken to travel a certain distance. 
d The size of a movie file and the time taken to download it to a computer at a constant 
rate of kB/s. 


e The cost of a taxi ride and the distance travelled. The cost includes flag fall (i.e. a starting charge) 
and a fixed rate of $/km. 


13 Convert the following rates to the units given in brackets. Hint: 9 
a $9/h (cents/min) b $24/h (cents/min) $9/h = 900 cents in 1 hour nd 
— 900 cents in 60 mins 
с 10.8 L/h (mL/s) d 18 L/h (mL/s) 2 ys cem In TR 
e 72km/h (m/s) f 18 km/h (m/s) Е 
g $15/kg (cents/g) h $32/kg (cents/g) 
i 400 g/month (Ко/уеаг) j 220 g/day (kg/week) 


14 For a fixed speed, the distance (d) that a car travels is 
directly proportional to time (0). 
m a Write the direct proportion equation, given that 

К = 90 km/h. 

b Change the constant of proportionality to units of 
m/s and rewrite the equation with this new 
value of k. 

с Use this equation to calculate the distance, in 
metres, that a car would travel in 4 seconds. 
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6К Direct proportion 


№ Сиггепсу сопуегѕіопѕ = 


Е 15 Atany given time, an amount of money in a foreign currency is in direct proportion to the corresponding 
amount in Australian dollars. 


For example, if 8 Hong Kong dollars is equivalent to 1 Australian dollar, the conversion rate is HK $8/AUD 


and the direct proportion equation is HK = 8 x AUD. 
* To change A$24 to Hong Kong dollars, we must substitute 24 for AUD: 


НК-8х24 
= $192 


* To change HK $24 to Australian dollars, we substitute 24 for HK: 


24 =8 x AUD 
24 _ 
g = AUD 


AUD = $3 | | 
Follow the example above to complete the following questions. 


407 


а Singapore dollar (SGD) 
i — Write the direct proportion equation, given the conversion rate is 1.2 SGD/AUD. 
ii Convert AUD 240 to SGD. 
iii Convert SGD 240 to AUD. 

b Chinese yuan (CNY) 
i — Write the direct proportion equation, given the conversion rate is 6.47 CNY/AUD. 
ii Convert AUD 75 to CNY. 
iii Convert CNY 75 to AUD. 

с South African rand (ZAR) 
i | Write the direct proportion equation, given the conversion rate is 9.5 ZAR/AUD. 
ii Convert AUD 50 to ZAR. 
iii Convert ZAR 50 to AUD. 
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408 Chapter 6 Straight-line graphs 


Maths@Work: Accountant or 
small business owner 


Accountants and small business owners need to 
have an understanding of operating costs and 
income. It is important to understand break-even 
points, which are when the costs or expenses 
equal the income. This is essential knowledge for 
small business owners, given that many start-up 
businesses fail in their first 3 years. 


Reading and drawing graphs helps accountants 
and business owners understand break-even 
points. Many business situations can be 
displayed using linear functions. 


Complete these questions that an accountant or small business owner may face in their day-to-day job. 


1 Chloe buys and sells necklaces at a local community weekend $P 
market. She sells each necklace for $25 and her costs, C, are 300 А 
calculated using the formula С = 50 + 12n, where n is the number Тос 4 
of necklaces Chloe buys and $50 is the fixed cost of hiring the stand 1604 
each weekend. 140 
а For the graph shown at right, which line represents Chloe’s costs 120 | 
and which line represents Chloe's income? 1003 
b State the possible numbers of necklaces to be sold each weekend 80 4 2 
that will result in Chloe making а loss. 604 
c What is the loss at the break-even point? What is the profit at the 10: 
break-even point? 204 
d State the minimum number of necklaces to be sold each weekend T: r æn 
for Chloe to start making a profit. Жагаа 
e Sketch а copy of the graph and shade the region that represents 
the area of profit. 
f Write down a rule, in terms of n, for calculating Chloe's profit, $P, 
each weekend. 
g How much profit is made by F 
selling: _ 
i 10 necklaces? 
ii 15 necklaces? 
iii 30 necklaces? 
iv 50 necklaces? 
Aa л, 
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2 Consider this graph for a company creating retro drinking glasses. $C 
а What is the value of the y-intercept for the costs relationship, A 
and what could it represent in this situation? 103 
b What is the wholesale price of each glass? ] 4 
c What is the gradient of the income line and what does this 1203 
represent? | 
d How many glasses must be sold for the company to break 100 4 
even? 1 Ё 
e Write an equation for the: 80 3 7 
i cost 1 7 
ii income 60 4 
iii profit 1 
40 4 
Л 
Р! 


Using technology 


3 An industrial plant produces car parts, which they sell to car manufacturers for $80 per car part. The 
costs of production for the plant are $200 plus $50 per car part produced each day. 
a Write an equation for the costs ($C) of production of n car parts. 
b Write an equation for the income ($7) generated. 
€ Use a graphics calculator or digital graphing tool to graph these two equations. 
d From the graphs, what is the break-even point for the plant each day? 
e Determine the profit when 32 car parts are sold on any given day. 


4 Alex has a start-up company. He estimates his costs, including staff, rent, electricity and insurance, to 
be $3000 per month. He buys computer parts at $4 per part and sells them on at a retail price of $a 
per part. 

Use a graphics calculator or a digital graphing tool to answer these questions. 

a By drawing pairs of graphs, find the number of parts, x, and Alex's costs, at each break-even point 
when the retail price, $a, per part is: 
i $10 ii $12 iii $14 iv $16 
Hint: Enter all the graph equations into the graphics calculator or computer graphing tool and then 
select two equations at a time to graph. 

b Alex buys a batch of 500 parts. Write an equation for Alex's profit when these parts are sold at the 
retail price $a per part. 

c Calculate the profit made when the parts are sold at each value of $a given in part a above. 

d Give one reason why Alex must limit the retail price charged per part. 
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Breaking even in small business 


Callum is trying to start up a new business as his 
passion is woodwork. 


Callum is planning on making wooden children's tables 
to be sold online through online market places. He 
predicts that it cost $80 in materials per table and fixed 
costs are $500. Callum is planning on selling each table 
for $140, not including delivery. 


Modelling 


Callum thinks that he is capable of making 5 sets a 
week and estimates 20 a month. 


Present a report for the following tasks and ensure that 
you show clear mathematical workings, explanations 
and diagrams where appropriate. 


Preliminary task 


a How much does it cost Callum to make the following number of tables? 

i 1 table ii 2 tables iii 5 tables iv 10 tables 
b How much does he earn when selling the following number of tables? 

i 1 table ii 2 tables iii 5 tables iv 10 tables 
c How much profit or loss is made on the sale of the following number of tables? 

i 1 table ii 2 tables iii 5 tables iv 10 tables 


Modelling task 


E You are asked to form two equations and use the graphs of the two equations to find the breakeven 
point for the potential business. 
a Whatis the cost of making each table? 
b What are the fixed costs for the potential business? 
c Write down the linear equation to represent Callum's costs ($y) for making x tables. What does 
the gradient represent and what does the y-intercept represent in the equation? 
d Write down the linear equation to represent the income for selling x tables. 


Sol А à тоос 
b e Graph both linear equations on the same number plane. Use a number plane similar to the one 


shown below, and ensure that you label the graph of each equation. (An online graphing tool 
such as Desmos could be used.) 

GA 

4000 


3000 


2000 


1000 4 


Jæ x 
9 10 20 


f Determine how many tables Callum needs to sell before he can say that his business is profitable. 
This is the breakeven point. 
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Evaluate 


g Explain how you obtained your answer to part f above, making reference to the graphs and and 
equations. verity 
h Determine how long Callum must expect to work before he will make a profit? Explain your 
answer. 


Communicate 


i Communicate all of your solutions above in written form. 
| Explain if this is a business model that you would recommend to Callum. 


Extension question 


Callum considers changing his business model to making bird houses. The fixed costs of this venture is 
$1000 and cost of materials is $15 per house. Callum would set the sale price of a single bird house 
at 545. 


Callum expects to make three times as many bird houses as tables each month. 
a Create two new linear equations and decide, by referring to their graphs and the breakeven point, 
if Callum is better off making, and selling, bird houses rather than tables. 
b Reflect on the suitability of each plan and identify the strengths and weaknesses either might 
have. 
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1 What is not so devious? Solve the puzzle to find the answer. 
Match the letter beside each question to the answers below. 


Find where each line cuts the x-axis: Find the gradient of each line: 
0 ge sss у=3х=4 
3 5 

| у= 224 = En 

! y 25 9 у 5Х+7 
2x2) ——20 This line joins the origin to (3, —6). 
This line joins (0, 4) to (5, -1). This line joins (2, 5) to (—4, 11). 
w=] pes 


UL US шог Л 


Solve the wordfind below. 


= 
< 
= 


DISTANCE 
GRAPH 
HORIZONTAL 
INCREASE 
RATE 
SEGMENT 
SPEED 

TIME 
VARIABLE 


Puzzles and games 


П> — а= (m) mz) C2 Inu Ss] © 

пе) аха (а) cS 55) — (єз БӘ Em uw 
(єр) i= Sl in аш Em 0-4 (р?) WS 
23 (92) [nm = (sp ue m Sl ot Sl 
rFUMNOWD чт < 

о рэ] < о < мо о о 

== (= (m) Co Сы ou — Em Ба) ce 
л>» О = © mmo з гч 
5) (єр) (ёр) is) (e (08) rz (mb oc 
Bs (e @ ES N — Iu Sl 23 ащ 
чэй Fa Кош pri Бэ) 5-5 8Е3 (55) (89 [nnl 
— 25 == "unb (nal алі inal Sl 855 s) 
SeSBBB EBB SB SB 


Cooper and Sophie are in a cycling orienteering competition. 

e From the starting point, Cooper cycles 7 km east, then 3 km south 
to checkpoint 1. From there, Cooper cycles 5 km east and 8 km 
north to checkpoint 2. 

e Sophie cycles 10 km north from the starting point to checkpoint 3. 

Use calculations to show that the distance between where Sophie and 

Cooper are now is the same as the direct distance that Cooper is now 

from the starting point. 


Lucas and Charlotte want to raise money for their school environment club, so they have 
volunteered to run a strawberry ice-cream stall at their town’s annual show. 

It costs $200 to hire the stall and they make $1.25 profit on each ice-cream sold. 

a How many ice-creams must be sold to make zero profit (i.e. not a loss)? 

b If they make $416.25 profit, how many ice-creams were sold? 


Gradient of a line 
Gradient measures the slope of a line 


run (positive) 


positive 
gradient rise 
(positive) Е rise 
negative (negative) 
run (positive) gradient 


== 
Zero gradient 


A rate equals the gradient 
with units. 
e.g. Speed = 2 = 10 km/h 


undefined 
gradient 


> 
с Шү ИШЕ. 


Time (hours) 


For two variables that are directly 
proportional 


* Both variables will increase or decrease together 
at the same rate. 

* The rule is y= Kx, where kis the constant of 
proportionality. 7 


Gradient — rate 
= constant of 
х proportionality 


For two variables that are мосу 
(or indirectly) proportional 
e When one variable i NS then the other 
variable decreases. 


* The graph is a curve. 


Midpoint of a line segment 
Find the average of the end point 
coordinates. 

ао ‚^ + у, — 


ур of a line segmenti 
Use Pythagoras’ theorem. (5, 3) 
PQ? =87 +5? 
нт 64+ 25 

=89 
2 = N89 
v89 is an exact length. 
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Straight-line graphs 


Distance-time graph 


Time 


* Fat segment means the object 
is at rest. 


Reading from a graph: 
• Start on given distance; move 

across to line and then down to 
time scale (or in reverse). 


© Greenwood et al. 2021 


Chapter summary 


Equation of a line 
y =тх+с 
gradient y-intercept 


* The rule is a linear equation. 
* The graph is made up of points 
in a straight line. 


Special lines 


Horizontal lines Vertical lines 
eg. y-3 8.g. X- 2 
y y 
3 


Parallel and perpendicular lines 


* Parallel-lines have the same gradient; e.g. 
y-23x-A4and у= 3x41 

* For perpendicular lines, the product of their 
gradients is —1, so m, x m, =—1 or т, = л : 


Sketching a line 
Plotting straight-line graphs: 
* Complete a table of values. 
* Plot points and join them to form a straight line. 
Using the y-intercept and gradient: 
* Plotthe y-intercept (c). 
* Use the gradient to plot the next point. 
* Join points to form a straight line. y 


€g.y-2x-1 


c=-1 т=2 


Using the axes intercepts 


e Plot each axis intercept e.g. yz -2x 4 
x-intercept (when y=0) у 
y-intercept (when х= 0) 

* Join points to form a 


straight line. y-intercept = 4 


Va 


x-intercept = 2 


Linear modelling 


e Find a rule in the form y= mx с, 
using the appropriate pronumerals. 

• Sketch a graph. 

Apply the rule to solve problems. 

Answer the problem in words. 
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414 Chapter 6 Straight-line graphs 


Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


e 1 1сап interpret information from a graph. y 
e.g. The number of people living on a small island has 
decreased over recent years according to the graph shown. 
a How many people were there to begin with? 

b How many people left the island during the 2-year 
period? 


Number of people 
+ 
Ол 
2 


2) 1 2 
Time (years) 


Ce 2 I can read off a graph using interpolation and 
extrapolation. 
e.g. This graph shows the increase in Chloe's pocket money 
savings over 4 weeks. 
a How much has she saved over the 4 weeks? 
b Use the graph to find out how much she saved after 
2 weeks. о 
After how long does the graph suggest she will have 


Amount ($) 


1 2 3 4 5 © 
saved $35? Time (weeks) 


e 


o 3 I can interpret a distance-time graph. 
e.g. The distance-time graph shows a student's bike 
ride from school, to the corner store for an ice cream 
and then to home. 

Determine: 

a the total distance covered 

b how long the student was stopped at the store > 

c the total distance travelled after 17.5 minutes 10 20 
Time (minutes) 


чә 


= 


Distance (km) 
N 


Q 


e 4 I can sketch a distance-time graph. 
e.g. Sketch a distance-time graph displaying all the following information. 
e total distance covered is 12 km in 3 hours 
e б km covered in the first hour 
e a half-hour rest stop after the first hour 


e 5 I can plot a graph from a rule. 
e.g. Plot the graph of y = 3x —2 by first completing the table of values. 


ШшагттиЕН 
ШРИ 


e 6 1сап construct a table and graph and interpret it. 
e.g. A tv technician charges $110 for a service call and $70 per hour for labour. 
Complete the table of values and plot a graph of cost against number of hours. 


[ No. огеш (а) [9 [ 1 [2 [5 [4] 
per eee р 2 ЇЕ! 


Use the graph to determine: 
а the cost for 3.5 hours of work 
b how long the technician worked on a job that cost $285 
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El 


e 7 I can find the midpoint of a line segment from a y 
graph and from coordinates. 5 В T 
e.g. Find the midpoint of the line segment joining the following points. Б) 
a AandB b (-3, 6) and (5, 1) 4 
2 А 


О 8 1сап find the length of a line segment from a graph y 
and from coordinates. 6 A 
e.g. Find the distance between the following pairs of points. B 
a AandB b (—2, 3) and (2, 8) ad (5, 5) 
2 4 
224001) 
гэ»-Х 


ae 9 I can describe the gradient of a graph. 
e.g. Describe the gradients of these lines as positive, negative, zero or undefined. 


a y b y 
А А 
Э-Х > X 
O O 


a 10 І can calculate the gradient from a graph. 
e.g. Find the gradient of the following lines and line segments. 


a y b y с у 
(2, 8) (2,7) 
»-X > xX L »-X 
(B) О 
(= =7)) 
ч Ыы--1---ф-----Ыэ- 
-2 
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и o 


| can calculate speed from a distance-time graph. 
e.g. A cyclist completes a journey which is described by this graph. 
Find how fast the cyclist was travelling during the: 

a firsthour b second section с third section 


T > 
4 
Time (hours) 
| can calculate a rate from a graph. 
e.g. A kettle is being filled with water from a tap as shown. 
How fast (in L/s) is the kettle being filled in the first 4 A 
seconds, final 4 seconds and between the 4- and 104 
8-second mark? = 
n 
co 
2 
Т Т Т » 
© 4 8 12 


Time (seconds) 


13 


| can determine the gradient and y-intercept from an equation. 


eqn For y = Ix — 4, state the gradient and the y-intercept. 


14 


| can sketch a line using the y-intercept and gradient. 
e.g. Sketch the graph of y = 2x + 3 by considering the y-intercept and gradient. 


15 


| can sketch horizontal and vertical lines. 
e.g. Sketch the graph of the equations:a x=4 b у--3. 


16 


| can sketch lines passing through the origin. 
e.g. Sketch the graph of y 2 —3x. 


17 


| can determine if lines are parallel or perpendicular. 
e.g. State whether the following pair of lines are parallel, perpendicular or neither: 


y--2x-3ad y-lx«1 


18 


| can find the equation of a line that is parallel or perpendicular to another line 


given the y-intercept. 

e.g. A line passes through (0, —3). Give the equation of the line if it is: 
a parallel to a line with gradient 2 

b perpendicular to another line with gradient 3 


19 


| can find the equation of a line that is parallel or perpendicular to a line. 
e.g. A line passes through (2, —3). Find the equation of the line if it is: 
a parallel to the line with equation y = —3x + 1 


b perpendicular to the line with equation y — Ix +1 


еаг 10 


al Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 


Cambridge University Press 


Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Chapter checklist 417 


= ЕЛ 
О 20 1сап sketch lines in the form ax + by = d using х- and y-intercepts. 
e.g. Sketch a graph of 2x — 5y = 15 by finding the x- and y-intercepts. 


О 21 I can sketch lines in the form у = mx + с using x- and y-intercepts. 
e.g. Sketch a graph of y = —3x + 12 by finding the x- and y-intercepts. 


22 1 сап find the equation of a line from a graph with a y 
known y-intercept. 
e.g. For the straight line shown, determine the gradient and y-intercept (4, 10) 


and write the equation of the line. 


23 I сап find the equation of a line from a graph 
given two points. 
e.g. For the straight line shown, determine the gradient and 
y-intercept and write the equation of the line. 


24 1 сап form a linear model and graph for a problem. 
e.g. An employee gets paid $50 plus $15 for each hour of work. If she earns $C for ¢ hours of work, 
write a rule for C in terms of ¢ and sketch the graph for ¢ between 0 and 8. Use the rule to find: 
a the amount earned after working 6 hours 
b the number of hours worked if $200 is earned 


e 25 I сап determine the constant of proportionality and find a rule connecting two 

variables which are directly proportional. 

e.g. The volume of water in a bucket is in direct proportion to the number of seconds it has been filled for. 

The bucket was filled with 6 L of water in 12 seconds. 

a Find the constant of proportionality, k. 

b Use this to write the direct proportion equation relating the volume (V litres) of water in the bucket 
and the number of seconds (5) it is filled for. 

c Use the rule to find the volume after 8 seconds and the number of seconds to fill the bucket with 20 L 
of water. 


26 І сап use an equation connecting inversely proportional variables to sketch a 
graph and find the value of an unknown. 
e.g. In a rectangle of area 8 cm?, the length, / cm, is inversely proportional to the width, w cm, such that 


ДЭ 5 . Sketch a graph of / vs w and find the length if w = 2.5. 


27 | сап determine the constant of proportionality and find a rule connecting two 
variables which are inversely proportional. 
e.g. If y is inversely proportional to x and when x = 3, у = 4, find a rule linking y and x. Then find the 
value of x if y = 6. 
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Short-answer questions 


6B 1 This graph shows the journey of a cyclist from place A to B 
place B. 40 
a How far does the cyclist travel? 30 
b How long does it take the cyclist to complete the 20 
journey? 
c If the cyclist were to ride from A to B and then 4 | Mer 
halfway back to A, how far would the journey be? Ї 2 


Distance (Кт) 


бА 2 The value of a poor investment has decreased 


A 
according to this graph. 10000 
a Find the value of the investment after: 8000 + 


& 
i 4years ii 2 years 3 
iil 1 year = 
b Extend the graph and use it to estimate the 2000 4 
value of the investment after: 
i 8 years il 6 years 
ili 5 years 
c After how many years will the investment be 
valued at $0? 


5 
.Ф 
> 
Ф 
мы 
íi 
Ф 
= 
О. 
(0 
„С 
О 


12345678910 
Time (years) 


68 3 The distance travelled by a walker is described by А 

this graph. 154 
a Whatis the total distance walked? 
b For how long does the person actually walk? 
c How far has the person walked after: 

і 1hour? ii 2 hours? 

iii 3 hours? iv 4 hours? 34 
d How long does it take the walker to walk a i т i —> 


distance of 12 km? 1 2 3 4 
Time (hours) 


Distance (km) 
о 


68 4 Sketch a graph їо show a journey described by: 
e a total distance of 60 m in 15 seconds 
* 30 m covered in the first 6 seconds 
e а 5 ѕесопа rest after the first 6 seconds 


6с 5 Francene delivers burgers for a fast-food outlet. She is paid $10 a shift plus 
$5 per delivery. 
a Complete the table of values. 


No. of deliveries (d) 0 5 10 15 20 
Pay (P) 


b Plot a graph of amount paid against number of deliveries. 
€ Usethe graph to determine: 

i the amount of pay for 12 deliveries 

ii the number of deliveries made if Francene is paid $95 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Chapter review 419 


6E 6 Find the gradient of the following lines. 
a b 


14еёчэ 


>< 


y 
A 
» X 
о" 
(2,4) 5 


Ф 
2 
= 
Ф 
= 
Ф 
= 


60 7 Find the midpoint of each line segment. 
a b P(5,7) to Q(-1,—2) c G(-3,8) to Н(6,-10) 


60 8 Find the length of each line segment. 
a y b 
Ад (1, 4) 


66 9 State the gradient and y-intercept of the following lines. 
а у-3х-4 b y=-2x 


66 10 Sketch the following lines by considering the y-intercept and the gradient. 
а у-2х-3 b у--4х с y-2 4 х--1 


6 11 Sketch the following lines by considering the x- and y-intercepts. 
a 3x+4y=12 b 2x-y=6 с у-3х-9 
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420 Chapter 6 Straight-line graphs 


66 12 For each of the straight lines shown: 


= i Determine the gradient. 
ii Find the y-intercept. 

oO iii Write the equation of the line. 

э а р у 

Ф À 

= (1, 12) 

3. 

Ф 

©. 

(3,4) 

(0 
X om 
О - Е 

66Л 13 Match each of the linear equations to the lines shown. 
a у-3х-3 b y=5x с 5х+4у = 20 
d х-2 e -2х-5у-10 f у=-4 
i 5 й Р ii 
A 
ofi ^^ oT т" =x 
-3 
iv y V y vi 
А А 
5 
ae 
» Xx 
cS О T | J NA 
-Ж----ф----ЭР 


6). 14 fruit picker earns $50 plus $20 per bin of fruit picked. If the picker earns SE for n bins 
picked, complete the following. 
* a Write a rule for E in terms of n. 
b Sketch a graph for n between 0 and 6. 
с Use your rule to find: 
i the amount earned after picking four bins of fruit 
ii the number of bins of fruit picked if $160 is earned 


6H 15 Find the equation of the lines with the given description. 
a Aline passes through (0, 3) and is parallel to another line with gradient 2. 
b Aline passes through (0, —1) and is parallel to another line with gradient L 

A line passes through (0, 2) and is perpendicular to another line with gradient 1. 


c 

d Aline passes through (0, —7) and is perpendicular to another line with gradient " 
e Aline passes through (1, 2) and is parallel to another line with gradient —4. 

f Aline passes through (-2, 5) and is perpendicular to another line with gradient 2. 
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Chapter review 421 


6K 16 An employee earns wages in direct proportion to the hours he works. 
m Ж a Find the constant of proportionality, k, given that he earned $198 in 12 hours. 
b Write the direct proportion equation relating the wages (W) in dollars and the number of hours (л) 
worked. 
c Use the rule in part b to calculate: 
i the wages earned for 8 hours of work 
ii the number of hours the employee must work to earn a wage of $264 


14еёчэ 


6L 17 This graph shows the direct proportional relationship between miles and kilometres. 


Br >! 


20 


Ф 
- 
= 
Ф 
= 
Ф 
= 


> 
О 5 10 15 20 25 30 35 40 
Kilometres 


Use the graph to convert 5 miles to kilometres. 

Use the graph to convert 35 kilometres to miles. 

Given that 15 miles is 24.14 km, find the gradient, to three decimal places. 
State the conversion rate in miles/km, to three decimal places. 

Determine the constant of proportionality, k, to three decimal places. 
Write the direct proportion equation between miles (у) and kilometres (х). 
Use this equation to find the number of miles in 100 km. 

Use this equation to find the number of kilometres in 100 miles. 


Ж со —4—OD aor ® 


6K 18 State whether these variables are in direct or indirect proportion and give a reason why. 
a Cost of buying cricket balls and the number of balls. 
+ b Cost per person of renting a beach house for a week and the number of people 
sharing it. 


6K 19 The length of a rectangle, / metres, with a fixed area, varies inversely with the width, 
Ж w metres, such that / = E 


a If when w = 3, /=5S find the value of k, the constant of proportionality. 
b Complete this table of values. 


w 1 3 5 15 
! 


€ Sketch a graph of / vs w using your table of values to help. Use w on the x-axis. 
d Find the length of the rectangle if the width is 10 m. 
e Find the width of the rectangle if the length is 4 m. 
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422 Chapter 6 Straight-line graphs 


Multiple-choice questions 


> Questions 1—4 refer to the following graph of the movement of a snail. 
.Ф бА 1 Тһе total number of hours the snail is at rest is: а (m) 
> A 2 B 4 с 5 154 
0) р 6 E 10 
104 
ы 68 2 The distance travelled in the first 
Q 3 hours is: 54 
re 
Q. d EE MEM r——————-—-——-—» í (hours) 
(c C 4m D 5m O 12345678910 
5 6F 3 Тһе speed of the snail in the last 5 hours is: 
A 5hours B 10m C 10 m/h D 2m/h E 5m/h 
68 4 The total distance travelled by the snail is: 
A 15m B 10m C 5m D 12m E 8m 
66 5 The equation of the line shown at the right is: y 
A х-2 B x=-2 C у=1 
D у--2 E ў==—2х 
66 6 The graph of C= 1074 5 would pass through which of the following 21 0 % 
points? 
A (1,10) B (1,20) C (2,20) D (4,50) Е (5,55) 
6 7 The gradient of the line joining (0, 0) and (2, —6) is: 
A 2 B 3 C -3 D 6 E -6 
6 8 A vertical line has gradient: 
A undefined B zero C positive D negative E 1 
6 9 Aline passes through (—2, 7) and (1, 2). The gradient of the line is: 
T -3 5 ag 
A -3 B 3 C 3 D 3 Е 5 
6 10 The x- and y-intercepts of the graph of the rule 3x — у = 4.5 are, respectively: 
А (0,3.5) and (4.5, 0) В (-1.5,0) and (4.5, 0) б (1.5,0) and (0, 4.5) 


D (1.5, 0) and (0, 4.5) E (0,3.5) and (—4.5, 0) 


66 11 Which of the following equations has a gradient of 2 and a y-intercept of -1? 
A 2у+х= 2 В y-2x=1 б у=—2х+1 D ў=2х-1 Е 2х+у=1 


612 Aline has x- and y-intercepts of, respectively, 1 and 2. Its equation is: 
A 2x-y=2 В у--х-2 C у-2х-2 D x+2y=1 E ys-2x42 


6H 13 The gradient of the line that is perpendicular to the line with equation y = —2x — 5 is: 


E 1 -1 1 
A 2 B -2 C 5 =, E z 


6k 14 Which equation shows that y is directly proportional to x? 


Yr А y=5x-6 B yat C y=2x+4 D y=12x Е у-20-3х 
X 
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Chapter review 423 


Extended-response questions 


1 David and Kaylene travel from Melton to Moorbank army base to watch their daughter's 
march-out parade. The total distance for the trip is 720 km, and they travel an average of 
90 km per hour. 
a Complete the table of values below from 0 to 8 hours. 


Time in hours (t) 0 2 4 6 8 
km from Moorbank 720 


14еёчэ 


b Plot а graph of the number of kilometres from Moorbank army base against time. 

c David and Kaylene start their trip at 6 a.m. If they decide to stop for breakfast at Albury and Albury 
is 270 km from Melton, what time would they stop for breakfast? 

d If the car they are driving needs refilling every 630 km, how long could they drive for before refilling 
the car? 

e What would be the total driving time if they didn't stop at all? 

f If the total number of breaks, including food and petrol stops, is 2 hours, when would they arrive at 
the army base? 


Ф 
2 
= 
Ф 
5 
Ф 
= 


2 А young maths whiz in the back seat of a car is counting down the distance to the nearest town, 
which initially is 520 km away. The car is travelling at an average speed of 80 km per hour. 
а Find the distance to the town after: 


і 1 hour il 3 hours 
фр b Dkm is the distance to the town after t hours. 
i Write a rule for D in terms of t. 
ii Sketch a graph for г between 0 and 6.5. 
c Use your rule to find: 
i the distance to the town after 4.5 hours 
ii the time it takes for the distance to the town to be 340 km 
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Essential mathematics: why geometry skills are important 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


In this chapter 


Parallel lines 
7B Triangles 

7C Quadrilaterals 

7D Polygons sr 

7E Congruent triangles 

7F Similar triangles 

7G Applying similar triangles 
7H Applications of similarity in 
measurement Jr 


Australian Curriculum 


MEASUREMENT AND 
GEOMETRY 

Geometric reasoning 
Formulate proofs involving congruent 


triangles and angle properties 
(ACMMG243) 


Apply logical reasoning, including 
the use of congruence and similarity, 
to proofs and numerical exercises 
involving plane shapes (ACMMG244) 


© Australian Curriculum, Assessment 
and Reporting Authority (ACARA) 


Online resources 


A 1/8s F8&80 -03 (92 7 A host of additional online 


resources are included as part 

of your Interactive Textbook, 
including HOTmaths content, video 
demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 


> 


b 


? 
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426 Chapter 7 Geometry 


1 Write the missing word. Choose from: right, reflex, straight, complementary, acute, 
revolution, obtuse, supplementary. 
angles are between 0° and 90°. 
A angle is 90°. 
An angle is between 90° and 180°. 
A 180° angle is called a angle. 
A angle is between 180° and 360°. 
A is 360°. 
angles sum to 90°. 
angles sum to 180°. 


-up quiz 


se =o aor ® 


Match the type of triangle (A-F) with the given properties (8-0. 
all sides of different length A obtuse angled 
two sides of the same length isosceles 
one right angle equilateral 
one obtuse angle acute angled 
three sides of equal length scalene 
all angles acute right angled 


Warm 


Find the values of the pronumerals. 
b 


Warm-up quiz 427 


5 How many special quadrilaterals have these properties? 
All sides equal and all angles 90° 
Two pairs of parallel sides 
Two pairs of parallel sides and all angles 90° 
Two pairs of parallel sides and all sides equal 
One pair of parallel sides 
Two pairs of equal-length sides and no sides parallel 


Use the angle sum formula, S = 180? x (n — 2), to find the angle sum of these polygons 
and the value of the pronumeral. 


Select the option from A-E that represents: 

a the tests for congruence of triangles SSS, SA, AA, RHS 

b the tests for similarity of triangles S, SAS, A, RAS 
SSS, SAS, AAA, RHS 
SSS, SAS, AAS, RHS 
SSS, AAA, RS 


Complete this sentence for the given diagram. AAB| |is congruent to A 


Complete this sentence for the given diagram. 
АА| ID is similar to ААВ 


D 


7А Parallel lines 


e То know the special pairs of angles formed when a transversal cuts two other lines 

e То know the relationship between pairs of angles formed when a pair of parallel lines are cut by a transversal 
e To be able to calculate unknown angles associated with parallel lines 

Key vocabulary: parallel, transversal, corresponding, alternate, cointerior, vertically opposite, supplementary 


Parallel lines are everywhere — in buildings, in nature and on clothing 
patterns. Steel or concrete uprights at road intersections are an 
example. 

Parallel lines are always the same distance apart and never meet. 
In diagrams, arrows are used to show that lines are parallel. 


o Lesson starter: 2, 4 or 8 different angles 

Here are two pairs of lines crossed by a transversal. One pair is parallel and the other is not. 
| H- | T 

e How many angles of different size are in set A? 


e How many angles of different size are in set B? 
e If only one angle is known in set A, can you determine all other angles? Give reasons. 


Key ideas 


8 Atransversal is a line cutting two or more other lines. 


8 For parallel lines: 
* Corresponding angles are equal. 


* Alternate angles are equal. 


e  Cointerior angles are supplementary (sum 
to 180?). 
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a gb Corresponding angles 

paralle р І 

7 Faes ES Vertically opposite angles 
ge Alternate angles 


a+e=180 Supplementary angles 


transversal а+а = 180 Cointerior angles 


Ехегсіѕе 7А 


Understanding 1,2 


1 Write the missing word or number. E 
a Supplementary angles add їо . ee WD | 
b Vertically opposite angles аге 
c When two lines are parallel and are crossed by a transversal, then: 
i Corresponding angles are 
ii Alternate angles are 
iii, Cointerior angles are 


2 For the given diagrams, decide whether the given pair of marked angles are corresponding, alternate, 
cointerior or vertically opposite. 


Fluency 


Example 1 Finding angles in parallel lines 


Find the values of the pronumerals in this diagram. 
Write down the reason in each case. 


Solution Explanation 


а= 180 = 150 = 30 Two angles on а straight line sum to 180°. 
The angles marked as а? and 150° are 
supplementary. 


b= 30 
The angles marked as b° and a? are Alternate angles are equal in parallel lines. 
alternate. | 
Continued on next page 
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#0 chapter” вету УГ ГГ--.. 


c= 150 

The angles marked as c? and 150? are Corresponding angles are equal in parallel lines. 
corresponding. 

OR, the angles marked as c? and a? Cointerior angles are supplementary in parallel lines. 
are cointerior. 


а= 150 
The angles marked as d? and 150° are Vertically opposite angles are equal. 
vertically opposite. 


Now you try 


Find the values of the pronumerals in this diagram. 
Write down the reason in each case. 


3 Find the values of the pronumerals in this diagram. Write down the reason in each case. 


160? 


d^ b? 


5 Find the value of x and y in these diagrams. C 
Hint: When lines are parallel: Ф 
e Corresponding angles are equal. 


e Alternate angles are equal. 
e  Cointerior angles add to 180°. 
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Problem-solving and reasoning 


Example 2 Proving that two lines are parallel 


Decide, with reasons, whether the given pairs of lines are parallel. 


a b 
o 12 o 
1309 120 A 0 


Solution Explanation 
a Yes- alternate angles are equal. If alternate angles are equal, then lines are 
parallel. 


b No -cointerior angles аге not supplementary. If lines are parallel, then cointerior angles 
should add to 180°, but 120? + 50° = 170°. 


Now you try 
Decide, with reasons, whether the given pairs of lines are parallel. 
a 2 b 
56 103°, 
ШҮ? 
бэ 


6 Decide, with reasons, whether the given pairs of lines are parallel. 


a b с 
110° 119° 
o 759 
124 ОР 
1109 


1249 1239 38° 
38° 


е. 
“hh 
Oe 
an 
Кеј 
о 
Ф 


7 These diagrams have a pair of parallel lines. Find the unknown angle, х. 


a b 20° C 80° 
Х 


Х x? 
d e f 
o 65? 
x x° 55 1507 
1309 
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TA 8 These common shapes consist of parallel lines. One or more internal angles are given. Find the values 
of the pronumerals. 


a b 
d e 

9 For this diagram, list all pairs of angles that are: REOR 9 
a corresponding for part a is (a, e). үл, 
b alternate 
с cointerior 
d vertically opposite 


10 


Hint: Angles on a straight line add to & 


180°. 


+ The roof truss | — 


11 This diagram is of a roof truss with three groups of parallel supports. 
How many of the angles are: 
a 100° in size? 
b 40° in size? 
c 140° in size? 
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7B Triangles 


CONSOLIDATING 


Learning intentions 


To know the angle sum of a triangle 

To know the properties of special types of triangles 

To know the exterior angle theorem 

To be able to calculate unknown angles inside a triangle 
To be able to calculate unknown angles using the exterior angle theorem 


Key vocabulary: triangle, acute, right, obtuse, scalene, isosceles, equilateral, exterior angle theorem 


The triangle is at the foundation of geometry, and its properties are used to work with more 


complex geometry. 


One of the best known and most useful properties of triangles is the internal angle sum (180°). 
You can check this by measuring and adding up the three internal angles of any triangle. 


© Lesson starter: Explore the exterior angle 
Consider this triangle with exterior angle x°. 


Use the angle sum of a triangle to find the value of c. 


e Now find the value of x. 


* What do you notice about x? and the two given angles? Is this 


true for other triangles? 
Give examples and reasons. 


Key ideas 


8 The sum of all three internal angles of a triangle is 180°. 


® Triangles can be classified by their side lengths or their internal angles. 


a+b+c= 180 
Classified by internal angles 
Acute-angled Obtuse-angled Right-angled 
triangles triangles triangles 
(all angles (one angle (one right 
acute, < 90°) obtuse, > 90°) angle, 90°) 
Equilateral Not possible Not possible 
triangles (three 
equal side 
lengths) 
Classified | Isosceles A^ e S 
by side triangles 5 
lengths (two equal A N 
side lengths) - X 
/^ f 
Scalene triangles 
(no equal side 
lengths) 


8 The exterior angle theorem: 


The exterior angle is equal to the sum of the two opposite 


interior angles. 
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Exercise 7B 


Understanding 1-3 


1 State the missing word or angle size. 
a The angle sum of a triangle is 


b An triangle has two equal side lengths. 
c An equilateral triangle's interior angles are all 
d An -angled triangle has one obtuse angle. 
e A triangle has all sides of different length. 
f An acute-angled triangle has all angles less than 
2 Choose the correct expression for this exterior angle. 
А а=х+Ь B b=x+a 
C x=a+b D a+b=180 
E 2a+b=2x 


3 The two given interior angles for this triangle are 25° and 35°. 
a Use the angle sum (180?) to find the value of c. 
b Hence, find the value of x. 


c What do you notice about the value of x and the two given 
interior angles? 


Fluency 
Example 3 Using the angle sum 
Find the value of the unknown angle, x, in this triangle. ^ 
бэй 
к 
Solution Explanation 
x+ 85455 = 180 The sum of the three internal angles in a triangle is 180°. 
112021: Simplify before solving for x. 
XC Solve for x by subtracting 140 from both sides of the 'equals' 


2. The unknown angle is 40°. 22 


Now you try 
Find the value of the unknown angle, x, in this triangle. 
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4 Find the value of the unknown angle, x, in these triangles. 2 Sy 
а р b 20° Hint: 


80° 30° — 150° " 
Es : , 2n 


a+b+c=180 


Example 4 Working with an isosceles triangle 


Find the value of x in this isosceles triangle. 


Solution Explanation 
х+х+40 = 180 The triangle is isosceles and therefore the two 
base angles are equal. 
2x + 40 = 180 Collect like terms. 
2x = 140 Subtract 40 from both sides. 
Pee Divide both sides by 2. 


-. The unknown angle is 70°. 


Now you try 


Find the value of x in this isosceles triangle. 


5 Find the value of the unknown angle, x, in these triangles. 
8 3 : и 
27 = 
d ^ e cS f 
st NI 
A 
S > 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


436 Chapter 7 Geometry 


7B 


Use the exterior angle theorem to find the value of x. 


a b 
Solution Explanation 
а х-95-50 The exterior angle x? is the sum of the two 
= [А opposite interior angles. 
b x+30=70 The two opposite interior angles are x° and 30°, 
КО) and 70° is the exterior angle. 


Now you try 


Use the exterior angle theorem to find the value of x. 


a b 
6 Use the exterior angle theorem to find the value of x. e 
a b Hint: 
хо $ b? 
C2 № 
х=а+Ь 
с d 4 
f | 
7 
155° 
е f 
86° P 
72 S 
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10 For this diagram, АВ is parallel to DE. 


Problem-solving and reasoning 7,8 


7 Decide whether the following are possible. If so, make a drawing. 


a acute scalene triangle b acute isosceles triangle 

с obtuse equilateral triangle d acute equilateral triangle 

e obtuse isosceles triangle f obtuse scalene triangle 

g right equilateral triangle h right isosceles triangle 

i right scalene triangle 

An architect draws the cross-section of a new ski lodge, which includes a very A 

steep roof, as shown. The angle at the top is 50°. Find: 50° 

а the acute angle the roof makes with the floor (x°) 

b the obtuse angle the roof makes with the floor (y?) y? 


Use your knowledge of parallel lines and triangles to find out the value of the pronumerals in 
these diagrams. 


a b 
с d 
e f 


a Whatis the size of ZACD? Use a pronumeral and give a reason. 
b Whatis the size of ZBCE? Use a pronumeral and give a reason. 
с Since ZDCE = 180°, what does this tell us about a, b and c? 
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The hydraulic platform = 


11 A hydraulic platform includes a movable 'X' shape support system, as shown. When the platform is at 
its highest point, the angle at the centre (c?) of the 'X' is 80°, as shown. 


| cm 


a Find the following when the platform is at its highest position. 
i the acute angle the 'X' makes with the platform (a?) 
ii the obtuse angle the 'X' makes with the platform (5?) 


b The platform now moves down so that the angle at the centre (c?) of the 'X' changes from 80° 
to 140°. With this platform position, find the values of: 
i the acute angle the 'X' makes with the platform (a?) 
ii the obtuse angle the 'X' makes with the platform (5?) 


c The platform now moves down to the base so that the angle at the centre (c?) of the 'X' is now 
180°. Find: 
i the acute angle the 'X' makes with the platform (a?) 
ii the obtuse angle the 'X' makes with the platform (5?) 
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7С Quadrilaterals 


e То know the properties of special quadrilaterals 

e То know the angle sum of a quadrilateral 

e То be able to calculate unknown angles inside a quadrilateral 

Key vocabulary: quadrilateral, parallelogram, square, rectangle. rhombus, trapezium, kite, diagonal, parallel 


Quadrilaterals are shapes that have four straight sides with 
a special angle sum of 360°. There are six special 
quadrilaterals, each with their own special set of properties. 

When you look around any old or modern building, you 
will see examples of these shapes. 


Ө Lesson starter: Why is a rectangle а 
parallelogram? 


By definition, a parallelogram is a quadrilateral with two 
pairs of parallel sides. 


Parallelogram Rectangle 


e Using this definition, do you think that a rectangle is also a parallelogram? Why? 
* What properties does a rectangle have that a general parallelogram does not? 
e What other special shapes are parallelograms? What are their properties? 


8 The sum of the interior angles of any 
quadrilateral is 360°. 


x+y+z+w=360 


8 Parallelogram Two pairs of parallel lines 
Two pairs of equal length sides 
Opposite angles equal 
Diagonals are not equal in length 


e Parallelograms are quadrilaterals with two pairs of 
parallel sides. These include the square, rectangle and rhombus. 
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Parallelogram 
Rhombus 


Rectangle 


Square 


Other quadrilaterals 
Trapezium 


Kite 


Exercise 7C 


Understanding 


Properties 

Two pairs of parallel lines 

All sides of equal length 
Opposite angles equal 
Diagonals intersect at right angles 
Two pairs of parallel lines 

Two pairs of equal-length sides 
All angles 90° 

Diagonals equal in length 

Two pairs of parallel lines 

All sides of equal length 

All angles 90° 

Diagonals equal and intersect at 
right angles. 


Drawing 


Properties 
At least one pair of parallel sides 


Drawing 


Two pairs of equal-length 
adjacent sides 

One pair of equal angles 
Diagonals intersect at right angles 


1 State the missing word or angle. 
a The angle sum of a quadrilateral is 


b The two special quadrilaterals which are not parallelograms are the 


2 Which three special quadrilaterals are parallelograms? 


and the 


7 
D 
a= 


p 


eq 


Hint: Refer to the Key ideas for help. 


3 List all the quadrilaterals that have the following properties. 

b two pairs of equal-length sides 

d one pair of parallel sides 

f all angles 90° 

h diagonals intersecting at right angles 


a two pairs of parallel sides 
c equal opposite angles 

e one pair of equal angles 
g equal-length diagonals 


Fluency 


Example 6 Using the angle sum of a quadrilateral 
OS 


Find the unknown angle in this quadrilateral. 
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Solution Explanation 
x+ 110+ 120+ 90 = 360 The sum of internal angles is 360°. 
х= 40 Subtract 320 from both sides. 


-. The unknown angle is 40°. 


Now you try 
Find the unknown angle in this quadrilateral. 


4 Find the unknown angles in these quadrilaterals. 
« Hint The angle sum ofa A, m^ 


а і 
quadrilateral is 360°. 


Example 7 Finding angles in special quadrilaterals 


Find the value of the pronumerals in these special quadrilaterals. 


a b 
Solution Explanation 
a х+60 = 180 х? апа 60° аге cointerior angles and sum їо 180°. 
х= 120 Subtract 60 from both sides. 
у= 120 y? is opposite and equal to x°. 
22-00 
ф 29 is opposite and equal to 60°. 
b х-100-100-30- 360 A kite has a pair of equal opposite angles, so there are 
x + 230 = 360 two 100° angles. 
x= 130 The total sum is still 360°. 
Continued on next page 
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5 Find the value of the ргопитега 5 in these special quadrilaterals. 
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7 This shape is called ап isosceles trapezium. 


a Why do you think it is called an isosceles trapezium? 
b i When x= 60, find y. 

ii When y = 140, find х. 
с List the properties of an isosceles trapezium. 


8 A modern hotel is in the shape of a kite. 
Some angles are given in the diagram. 


a Draw a copy of only the kite shape, including the diagonals. 
b Find the angle that the right-hand wall makes with the ground (x?). 


9 These quadrilaterals also include exterior angles. Find the value of x. 


b 
5 Hint: 


a+b=180 


Ч Quadrilaterals and triangles = 


10 The following shapes combine quadrilaterals with triangles. Find the value of the pronumerals. 
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7D Polygons * 


e То know the rule for the angle sum of a polygon 

e To be able to calculate unknown angles inside a polygon 

e То be able to calculate the interior angle of regular polygons 
Key vocabulary: polygon, regular polygon 


A closed shape with all straight sides is called a polygon. Like 
triangles and quadrilaterals (which are both polygons), they all 
have a special angle sum. 


A hexagon 


o Lesson starter: Remember the names 


From previous years you should remember some of the names for polygons. 
See if you can remember them by completing this table. 


Number of sides Name Number of sides Name 
3 8 
4 
5 
6 
7 Heptagon 12 


Key ideas 


8 ^ polygon is a shape with straight sides. 
* They are named by their number of sides. 


8 The sum of internal angles (5) of a polygon is given by this rule: 


S = 180° x (n – 2) S = 180° x (n – 2) 
where n is the number of sides S = 180° x (5-2) 
= 180? x3 
= 540° 


8 Aregular polygon has sides of equal length and equal angles. 


regular quadrilateral (square) regular pentagon regular 
hexagon 
(four sides) (five sides) (six sides) 


<> 
2 120° ч 
120° 120° 
120° 120° 
120° 
<> 
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Exercise 7D 


Understanding 1-3 
1 How many sides do these shapes have? 
a quadrilateral b octagon с decagon d heptagon 
e nonagon f hexagon g pentagon h dodecagon 


m 2 Use the angle sum rule, S = 180? x (n — 2), to find the angle sum of these polygons. 
a pentagon (n = 5) b hexagon (n= 6) c heptagon (n= 7) 
d octagon (n= 8) e nonagon (n = 9) f decagon (n = 10) 


3 What is always true about a polygon that is regular? 


Fluency 


Example 8 Finding and using the angle sum of a polygon 


For this polygon, find the angle sum and then the value of x. 


Solution Explanation 
Б) = [ЄЎ 2) Use the angle sum rule first, with л = 6 since there 

= 180? x (6 —2) are 6 sides. 

= 720° Find the angle sum. 
x+ 100+ 150+ 90 + 130 + 140 = 720 Use the total angle sum to find the value of x. 

x +610 = 720 Solve for the value of x. 
aee 110) 

Now you try 


For this polygon, find the angle sum and then the value of x. 
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7D 
ki) 4 For these polygons, find the angle sum and then find the value of х. 22 
Со 


==, 
Hint: First use © 
S = 180° x (n — 2) 


Example 9 Working with regular polygons 


Shown here is a regular pentagon with a straight edge side length of 7 cm. 
a Find the perimeter of the pentagon. 

b Find the total internal angle sum (5). 

c Find the size of each internal angle, x°. 


Solution Explanation 
a 35cm There are five sides at 7 cm each. 
h 5$ 1809560: 2) Write the general rule for the sum of internal 
= 180° x (5 – 2) angles for a polygon. 
lone n=5 since there are five sides. 
= IU x2 ON 
Simplify and evaluate. 
= 540? 
с 540° + 5 = 108° There are five equally sized angles since ії is а 
x? = 108° regular pentagon. 
Now you try 
Shown here is a regular heptagon with a straight edge side length 
orem: 


a Find the perimeter of the heptagon. 
b Find the total internal angle sum (S). 
c Find the size of each internal angle, x?, correct two decimal places. 
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5 Shown here is a regular hexagon with straight-edge side length 4 cm. 
а Find the perimeter of the hexagon. 
b Find the total internal angle sum (S). 
c Find the size of each internal angle, a°. 


6 Shown here is a regular octagon with straight-edge side length 3.5 cm. 
a Find the perimeter of the octagon. 
b Find the total internal angle sum (S). 
c Find the size of each internal angle, b°. 


Problem-solving and reasoning 7,8,10 


7 The cross-section of a pencil is a regular hexagon. y? 
a Find the interior angle (x?). 
b Find the outside angle (y?). 


m 8 Find the total internal angle sum for a polygon with: 9 
. Hint: Remember: Ç M 
a 11 sides S 172 
b 20 sides ! 
Е 9 Find the size of a single internal angle for a regular polygon with: 
a 10 sides 
b 25 sides 


10 A castle turret is in the shape of a regular hexagon. 
At each of the six corners, find: Хү inside angle 


a the inside angle : 
b the outside angle outside angle 


11 A garden bed is to be designed in the shape of a regular pentagon and 
sits adjacent to a lawn edge, as shown. 
a Find the angle the lawn edge makes with the garden bed (x?). 
b Find the outside angle for each corner (3°). 


garden bed 


lawn edge 
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7D 
7D. 12 For these diagrams, find the values of the unknowns. 
The shapes are regular. 


UN 


Hint: In parts b and c, the point at O is 


the centre. 


жый 


Develop the angle sum rule 


Em 13 a Copy and complete this table. 


Hint: For the diagram, choose one vertex 


and draw lines to all other vertices. 


Number of Number of Total angle Regular polygon 
Polygon sides Diagram triangles sum (S) internal angle (A) 
Triangle 
Quadrilateral 
Pentagon 5 3 3 x 180 = 540 540 + 5 = 108 
Нехадоп 
n-gon n 


b Complete these sentences by writing the rule. 
i Fora polygon with n sides, the total angle sum, S, is given by S = 1 
ii Fora regular polygon with n sides, a single internal angle, A, is given by A = 
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ТЕ Congruent triangles 


e То understand the four tests for congruence of triangles 

e То be able to recognise a pair of congruent triangles using one of the four tests 
e То be able to prove that two triangles are congruent 

Key vocabulary: congruent, corresponding, hypotenuse 


In solving problems or in the building of structures, for example, it 
is important to know whether or not two expressions or objects are 
identical. The mathematical word used to describe identical objects 
is congruence. 

For congruent triangles there are four important tests that can be 
used to prove congruence. 


© Lesson starter: Why аге ААА апа SSA not tests for congruence? 
AAA and SSA are not tests for the congruence of triangles. 


e For AAA, can you draw two different triangles using the same three 
angles? Why does this mean that AAA is not a test for congruence? 

e Look at this diagram, showing triangle ABC and triangle ABC’. Both 
triangles have a 30° angle and two sides of length 10 cm and 7 cm. 
Explain how this diagram shows that SSA is not a test for congruence 
of triangles. 


Key ideas 


8 Two triangles are said to be congruent if they are exactly the same ‘size’ and ‘shape’. 
Corresponding sides and angles will be of the same size, as shown in the triangles below. 


8 If triangle ABC is congruent to triangle DEF, B 
we write AABC = ADEF. 
e This is called a congruence statement. 
e Letters are usually written in 
matching order. 


e If two triangles аге not congruent, we D 
write: AABC # ADEF. ^ 

TIS 

85 OR 
202 
Z2 
F 
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8 Two triangles can be tested for congruence by considering the following necessary conditions. 
1 Three pairs of corresponding sides are equal (SSS). 


2 Two pairs of corresponding sides and the angle between them are equal (SAS). 


3 Two angles and any pair of corresponding sides are equal (AAS). 


4 Aright angle, the hypotenuse and one other pair of corresponding sides are equal (RHS). 


Exercise 7E 


Understanding 1-3 


1 True or false? 
a SSAis a test for the congruence of triangles. 
b AAAis a test for the congruence of triangles. 
c Two congruent triangles are the same shape and size. 
d If AABC = ADEF, then triangle ABC is congruent to triangle DEF. 


m 


D 
D 


2 Write the four tests for congruence, using their abbreviated names. HESS Bme Tisk d 
3 Here is a pair of congruent triangles. A B F 
a Which point on ADEF corresponds to point \ oo 
Bon AABC? 
b Which side on AABC corresponds to side p ds 
DF on ADEF? К E D 
c Which angle on ADEF corresponds to ZBAC on AABC? 
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Example 10 Choosing a test for congruence 


Write a congruence statement and the test to prove congruence for these pairs of triangles. 
a A 6m F 


T С 
р 


В Q 
3m 
E 
b zo IF 
40° Y 7.2 cm 
755 / 1.2m 1S 
V о 
Х po 
U 
Solution Explanation 
a AABC = ADEF (SAS) Write letters in corresponding (matching) order. 
Two pairs of sides are equal as well as the angle 
between. 
b AXYZs ASTU (AAS) X matches S, Y matches T', and Z matches U. 


Two angles and one pair of matching sides are equal. 


Now you try 


Write a congruence statement and the test to prove congruence for these pairs of triangles. 


4 cm F 


2cm D 
A 3 cm 
b E 
M 10m N 
12m 12m 
10m 
O 
G 
Е 
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4 Write a congruence statement and the test to prove congruence for these pairs of triangles. 


B F 
4m 2m Hint: \ABC = ADEF is a congruence 6... 
D statement. 
4 5m 5m Choose one of the tests SSS, SAS, 
2M 4m AAS or RHS. 
C 
E 
C E C Y U S 
D 
И DW | 
30 x 7 Т 
А 
В Е 
Ү 5 В Е 
< > 
4 4 ч 
6 Г р 
X U 6 7 
40° 
5 J 40° 
a Ч 7 
С Е 


Example 11 Proving that a pair of triangles are congruent 


di 


Give reasons i the pet pairs of triangles are Бий 
CE 


VA Г “ 
KS 
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Solution Explanation 
a AB=DE (S) First choose all the corresponding side lengths. 
AC = DF (S) Corresponding side lengths will have the same length. 
BC = EF (S) 
© AABC=ADEF (SSS) Write the congruence statement and the abbreviated 
reason. 
b AB=DE (S) Note that two corresponding side lengths are equal and 
ZBAC = ZEDF (A) the included angles are equal. 
AC = DF (S) 
~. AABC = ADEF (SAS) Write the congruence statement and the abbreviated 
reason. 
С ZABC=ZDEF (A) Two of the angles are equal and one of the pairs of 
БАС 4ЕЮЕ (А) corresponding sides are equal. Write the congruence 


BC-EF (S) statement and the abbreviated reason. 


х ЛАВС = ADEF (AAS) 


d 2ВАС= ЕВЕ = 90° (К) Note that both triangles аге right angled, the hypotenuse 
BC=EF (H) of each triangle is of the same length and another pair of 
AB=DE (5) corresponding sides is of the same length. 

2. AABC = ADEF (RHS) Write the congruence statement and the abbreviated 
reason. 

Now you try 


Give reasons why the following pairs of triangles are congruent. 
b Jd S 
U 
4/0 
X Ч 3 ”Э 6 
Т 
2 


5 Give reasons why the following pairs of triangles are congruent. 9 
а В 3 Hint: List reasons as in the examples to ^, M^» 


establish SSS, SAS, AAS or RHS. 
3 7 
7 8 
С 
В Ё 2 
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е С Е 
b» 
80? ^no 
Л... „ 


Q 
EN 


Problem-solving and reasoning 6,7 


6 Identify the pairs of congruent triangles from those below. 


a b c A 
Hint: Sides with the same 
markings and angles with the 
same mark are equal. 
d У е | Ї 
[^ 
| | 


7 Two triangular windows have the given dimensions. > “7259 
a Find the missing angle in each triangle. 75° 
b Are the two triangles congruent? Give a reason. NU Ru 2 
2m 
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8 For the pairs of congruent triangles, find the values of the pronumerals. ёс 
Hint: Given that these triangles аге 
congruent, corresponding sides are 
equal, as are corresponding angles. 


C 

b 

7 
"A 
e 
A 6 
5 
4 


* Lawn landscaping = 


9 Anew garden design includes two triangular lawn ; - 
areas, as shown. ^ Em | D 


a Give reasons why the two triangular lawn areas 
are congruent. 
b If the length of AC is 6 m, find the length 


of EF. 10 т 
o fi 10m Sm 
c Ifthe angle ABC = 37°, find the angles: 
i ЕРЕ C 
ii ZDFE 
Е E 
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1 Find the values of the pronumerals in these diagrams with parallel lines, giving reasons. 
a a? b 2509 
70° 
b? 5 
С 
d? 
2 State, with reasons, if the following pairs of lines are parallel. 
a 
120? 78° 
60° 78° 


EN 
- 
= 
” 
9” 
Ф 
чай 
O 
О 
= 

ай 


3 Find the values of the pronumerals in these triangles and quadrilaterals. 


a 97 b ^ 
d 
О 509 === 
C X о 


4 Use the exterior angle theorem to find the value of z. 


е 
E 
145? 
/A 60° EN 


5 Find the angle sum of these polygons and then find the value of each pronumeral. 
С» 


6 Give reasons why the following pairs of triangles are congruent and write а 
congruence statement. 


a 4cm 4cm b A D E 
Be © А ЧЁ 11cm 
3cm 3cm 
7 cm 7 cm 11cm 
B С Е 


р 


ТЕ Similar triangles 


To know what it means for triangles to be similar 

To understand the four tests for similarity of triangles 

To be able to recognise a pair of similar triangles using one of the four tests 
To be able to prove that two triangles are similar 

To be able to calculate and use the scale factor to find an unknown length 
Key vocabulary: similar, scale factor, ratio, corresponding, hypotenuse 


When two objects are similar, they are the same shape but of different size. For example, a computer image 
reproduced on a large screen with the same aspect ratio (e.g. 16:9) will show all aspects of the image in 
the same way except in size. 

The computer image and screen image are said to be similar figures. 


o Lesson starter: Is AA the same as AAA? 


Look at these two triangles. 


* What is the missing angle in each triangle? 
e Do you think the triangles are similar? Why? 
* |sthe AA test equivalent to the AAA test? 


Key ideas 


8 Two triangles are said to be similar if they are the same shape (> 
but different in size. Corresponding angles will be equal and 
corresponding side lengths will be in the same ratio. 


A IS 
® if AABC is similar to ADEF, then we write 5 
ЛАВС || ADEF or AABC ~ ADEF. 
23 [^N 
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8 Two triangles сап be tested for similarity by considering the following necessary conditions. 


1 


All three pairs of corresponding 
angles are equal (AAA). (Remember 
that if two pairs of corresponding 
angles are equal then the third pair of 
corresponding angles is also equal.) 


All three pairs of corresponding sides are 
in the same ratio (SSS). 

52112205 

3 2 i 


Two pairs of corresponding sides are in the 
same ratio and the included corresponding 
angles between these sides are 


equal (SAS). 
4-2- 
блг 


NS N 


The hypotenuses and a pair of corresponding sides in 


DOM 
dome 


6 
4 
a right-angled triangle are in the same ratio (RHS). Ёс 
3 8 


8 The scale factor is calculated using a pair of corresponding sides. 


In the three examples above, the scale factor is 2. 


Exercise 7F 


Understanding 


1 Which of the following is not a test for the similarity of triangles? 
SSS, SAS, RHS, SSA, AAA 


2 Why is the AA test the same as the AAA test for similar triangles? 


3 Consider this pair of triangles. 


a Work ou 


| DE 
AB 
DF 


b Work out =. What do you notice? 


АС 


c What is the scale factor? 
d Which of SSS, SAS, AAA or RHS would be used to explain their similarity? 
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Example 12 Proving similar triangles 


Decide whether the pairs of triangles are similar, giving reasons. 


а с Е > D 
“30° 79s 
їг 30° > 
170 В 5 
A 


uc A E © 
Dye 3 
о 72 
B И ia 5 16.5 
C 4.5 F B E 


Solution Explanation 
а /ВАС=/ ЕРЕ (А) Two corresponding angles are equal and 
JAC = ОННАН (А) therefore the third corresponding angle is also 
equal. 


ZACB=ZDFE (А) 


F 
^ ААВСЇЇЛЕЕ (ААА) n 
S 309 
m 2 5 = 
A A 50 87:25 Г р Е 


b — = — -2 (5) All three corresponding sides are in the same 
ratio or proportion. 

HES Noe F 

ee a e x 

E E 7| N8 

AC 7 : С) N 14 16 

х AABC|||ADEF (565) оо үн 

р Е 
10 

с — = i -15 (5) Two corresponding sides аге in the same ratio 


and the included corresponding angles are equal. 
ZBAC=ZEDF (А) A D 


9) /^ 
DF _4.5_1 5 (5) в 8 3 3 2 4.5 
AC 3 i 


х AABC|||ADEF (SAS) © % Е 
О ВАСЕ ЕЮ = 90 (А) They аге right-angled triangles with 
EF 165. the hypotenuses and one other pair of 


fov ml ш 


DES 75 = С А р Е 
vp (S) В 
х ААВСЇЇЛРЕЕ (КН) i 2 16.5 

B E 


Continued on next page 


corresponding sides in the same ratio. 
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460. chapter? Gem Р 


Now you try 


Decide whether the pairs of triangles are similar, giving reasons. 


a С = 2 D bc 
ГУ 5 О 
А F 
D 
A B 


4 Decide whether the pairs of triangles are similar, giving reasons. Hint: List all the equal angles and 


corresponding pairs of sides, as in 


a A F 
Example 12. 
C 
B D E 


C D E c B E 
Д УЛ" 1 
30° / 2 2 
А 4 
1.5 D 
309 С 
[\ 
A B 1 
V F 
F 
d C, 15 E e A D 2 
А 3 
Е 
В 2 
3 2 3 
6 9 Е 
В С 
D 45 Е 
fc F A 10.5 
3 gc E D 
A 45 10 1 
15 
5 B 
D 7.5 E 
B 
F 


h B А і А р 
Е 3 р E 22850 
ELM 20? 
4.3 

F о 

6.8 8.6 20 
75° Е 

B C 
A C 
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Example 13 Using similar triangles to find an unknown length 


If the given pair of triangles are known to be similar, find the value of x. 


A3 C y 
сс 
р x 5 
Solution Explanation 
_DE_4_ to : 
Scale factor = Ape on 2 First find the scale factor using a pair of 
corresponding sides. Divide the larger number 
х-3х2 by the smaller number. 
= 6 Multiply the corresponding length on the 
smaller triangle using the scale factor. 
Now you try 
If the given pair of triangles are known to be similar, find the A.X Р 
value of х. E 
6 
3 9 
D Е 
С 
| юэ? ЭРЭН” 1 
5 If the given pair of triangles are known to be similar, find Hint: For parts € and d, use division to Ф 
the value of х. find х. 
a 
: 6 
4 
X 
b с 
5 7 2 х 
15 ё 6 
3 
d 1.1 е 
6 
X 
4.5 x 
4 3 
3.3 
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7F 


Problem-solving and reasoning 6 
6 Aski ramp has a vertical support, as E 
shown. Hint: List triangles like A 
a List the two triangles that this: ASTU. ao 
are similar. 


b Why are the two triangles similar? 


c If AB=4mand AD = 10 m, find the scale factor. 
d If BC = 1.5 m, find the height of the ramp, DE, using the scale factor from part с. 


7 State why the pairs of triangles are similar (give the abbreviated reason) and determine the value of x 
in each case. 


a b 10 - Hint: They all have the same reason. 
2 6 Р 2 ТАВ” 
3 15 
1 
X 


с d W 
3.6 \ R 
< 6.6 2 12 


Ч Triangles in parallel lines | = 


8 In the given diagram, AB is parallel to DE. E 
a List the three pairs of angles that are equal and give a reason. B 
b If AB=8 cm and DE = 12 cm, find: 


: Р С 
i DCif BC-4cm 
ii AC if CE-9 cm 
A 
D 
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7G Applying similar triangles 


e Tobe able to identify a pair of similar triangles in a given context 
e Tobe able to calculate and use the scale factor to find an unknown length in a real situation 
Key vocabulary: similar, scale factor 


Once it is established that two triangles for a particular situation 
are similar, the ratio or scale factor between side lengths can be 
used to find unknown side lengths. 

Similar triangles have many applications in the real world. One 
application is finding an inaccessible distance, like the height of a 
tall object or the distance across a deep ravine. 


© Lesson starter: The tower and the ruler 


Franklin wants to know how tall a water tower is in his town. At Y 
a particular time of day he measures its shadow to be 20 m long. S 
At the same time he stands a 30 cm ruler near the tower, which « (Not to scale.) 
gives a 12 cm shadow. N, 
e Explain why the two formed triangles are similar. 
e What is the scale factor? 


tower | ` 
e What is the height of the tower? 


Key ideas 


@ Fortwo similar triangles, the ratio 
of the corresponding side lengths, 
written as a single number, is called 
the scale factor. 


® Once the scale factor is known, DES WES 25; 
it can be used to find unknown AB 4 2 
side lengths. <z. Scale factor is 2.5. 
& 18/8 ав 3) 029 ав: 7.5 
AC mS 8» 2,5)ав 2) 
Exercise 7G 
Understanding 1,2 


1 Give reasons why the pairs of triangles in each diagram 


are similar. “Ний Think about all the corresponding 2 
а р pairs of angles. How many equal pairs 
_ are there? 
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2 For the pair of triangles in the given diagram: E 


a Which reason would be chosen to explain their similarity: SSS, 
SAS, AAA or RHS? 


b What is the scale factor? 


с What 15 the length of BC? 


Fluency 


Example 14 Applying similar triangles 


A home-made raft consists of two sails with measurements 
and angles as shown in this diagram. 

3 Give reasons why the two sails are similar in shape. 

b Find the scale factor for the side lengths of the sails. 

c Find the length of the longest side of the large sail. 


Solution Explanation 
3 AAA (there are three equal pairs Two of the three angles are clearly equal, so the 
of angles) third must be equal. 
b Scale factor = 3 25 Choose two corresponding sides with known 
lengths and divide the larger by the smaller. 
c Longest side = 3.5 x 2.5 Multiply the corresponding side on the smaller 
=875m triangle by the scale factor. 
Now you try 


A vertical tent pole is held in place with two guy ropes as shown. 


a Give reasons why the two triangles formed by the tent pole 
guy ropes are similar. 


b Find the scale factor for the guy ropes. 
c Find the height of the tent pole. 


12m 0.6m 
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3 A toy yacht consists of two sails with 

measurements and angles as shown in 

this diagram. 

а Give reasons why the two sails are 
similar in shape. 

b Find the scale factor for the side lengths 
of the sails. 

c Find the length of the longest side of the 
large sail. 


i Hint: You can’t choose SSS, SAS or RHS 8 
5 ст because only one pair of corresponding y 


sides is given. 


4 A tall palm tree is held in place with two cables of length 6 m and 4 m, 
as shown. М 
а Give reasons why the two triangles created by the cables are similar d 
in shape. , 
b Find the scale factor for the side lengths of the cables. ! 
c Find the height of the point above the ground where the longer 6m | 
cable is attached to the palm tree. | 


m 5 These pairs of triangles are known to be similar. By finding the scale factor, find the value of x. 


a b 
11 
5 : x 3 2.75 
11 
X 


Problem-solving and reasoning 6-8, 10 


Example 15 Working with combined triangles 


A ramp is supported by a vertical stud, АВ, where A is at E 
the centre of CD. It is known that CD = 6 m and 
that the ramp is 3 m high. B : 
а Using the letters given, name the two triangles that are similar Ш 
and give your reason. 
b Find the length of the stud AB. < А D 
X 6m > 
Solution Explanation 
a AABC апа ADEC (ААА) The angle at C is common to both triangles and 
they both have a right angle. 
b AC=3m Since A is in the centre of CD, then AC is half 
of CD. 
Scale factor =$=2 CD=6 mand AC 23 m. 
2 АВ=3 + 2 Divide the larger side length, DE, by the scale 
=1.5m factor. 


Continued on next page 
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Now you try 
A 'lean-to' shelter is made with two vertical poles AB and E 

DE as shown. B 
а Using the letters given, name the two triangles that 


are similar and give your reason. ЫН 
b Find the length CD. 
m Ш © 
10) А 
= 10m = 
6 А ramp is supported by a vertical stud, АВ, where A is at the E 
centre of CD. It is known that CD = 4 m and that the ramp is 
2.5 m high. 
a Using the letters given, name the two triangles that are similar 2 2.5m 
and give your reason. 
b Find the length of the stud AB. 
С р 
А 
X 4m > 
15:57 
7 A1 m vertical stick and a tree cast their shadows at а Hint: At the same time of day, Ф: 
particular time in the day. The shadow lengths аге shown the angle that the light makes 
in this diagram with the ground will be the 
j same. 


a Give reasons why the two triangles shown are similar in shape. 
b Find the scale factor for the side lengths of the triangles. 
c Find the height of the tree. 


(Not to scale) 


stick shadow 


tree shadow 
30m 
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El 8 


Н 9 


From a place on the river (С), a tree (Е) is spotted on the 
opposite bank. The distances between selected trees 

Hint: AB dsto CBand AD (7.79) 
A, B, C and D are measured as shown. m ш wo 


a List two similar triangles and give a reason why they 
are similar. 


Find the scale factor. 
Find the width of the river. 


corresponds to СЕ. 


tree E 


At a particular time of day, Leon casts a shadow 1.3 m ын эн шиш 
long, whereas Jackson, who is 1.75 т tall, casts a shadow ae 
1.2 m long. Find the height of Leon, to two decimal places. 


10 Try this activity with a classmate but ensure that at least one person knows their height. 


* 


a Gooutinto the sun and measure the length of each person's shadow. 


b Use these measurements plus the known height of one person to find the height 
of the other person. 


Gorge challenge 


11 Mandy sets up a series of rocks alongside a straight E 
section of a deep gorge. She places rocks A, B, i 
C and D as shown. Rock Е sits naturally on the ОХ 
other side of the gorge. Mandy then measures the : 
following distances. шэг 
e AB=10m | М 
e АС=10т a 3 
e Ср=15т 435--заёсаа 
| С р 
a Explain why AABE ||| ACDE. 
b What is the scale factor? 
€ Use trial and error to find the distance across the gorge from rocks A to E. 
d Can you find the length AE by setting up an equation? 
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7H Applications of similarity in measurement Ж 


Learning intentions 


e To know how the length, area and volume ratios are related in similar objects 
e То be able to calculate and use the scale factor to find an unknown area or volume given similar objects 
Key vocabulary: length, area, volume, ratio, scale factor 


Shapes or objects that are similar have a special length, area and volume ratio relationship. 

For example, if the lengths on a model of a building are one-hundredth of the actual structure, then 
the length ratio is 1:100. From this, the surface area and volume ratios are 17: 1007 (1:10 000) and 17: 
100? (1:1 000 000), respectively. These ratios can be used to calculate the amount of material that is needed 
for the construction of the building. 


o Lesson starter: Cube analysis 


These two cubes have a 2 cm and 6 cm side length. 


шиг 


6 cm 


e What is the side length ratio when comparing the two cubes? 
e What are the surface areas of the two cubes? 

e What is the surface area ratio? What do you notice? 

e What are the volumes of the two cubes? 

e What is the volume ratio? What do you notice? 


Key ideas 


® When two objects are similar and have a length ratio of a: Р, then: 


e Length ratio = a: b Scale factor = 2 one dimension: length 


vU T Mss uem 
: WO = 2 :3 = 2:3 2cm 
e Area ratio = a?: b? Scale factor = a e two dimensions: area 
g ratio = 22:32 = 4:9 
3 
e Volume ratio = a?:b? Scale factor = _ e three dimensions: volume 
К гайо = 23:33 = 8:27 
Exercise 7H 
Understanding 1,2 
1 The length ratio for two objects is 2:5. Hint 0 
a What would be the area ratio? Ыш шин А 
b What would be the volume ratio? п eu 
Volume ratio 45:55 — 
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Н 2 


These two rectangular prisms are similar. 
a What is the side length ratio? 
b What is the surface area of each prism? 
c What is the surface area ratio? What do 3 cm 7.5 cm 
you notice? 
d What is the volume of each prism? 2 
e What is the volume ratio? What do you notice? 
5cm 


Fluency 


Example 16 Measuring to find actual lengths 


The given diagram is a simple map of a park lake. 


a 


b 


Use a ruler to measure the distance across the lake (AB). 
(Answer in cm.) 

Find the scale factor between the map and ground 
distance. 

Use a ruler to measure the map distance across the lake 
(CD). (Answer in cm.) 

Use your scale factor to find the real distance across the 
lake (CD). (Answer in m.) 


Solution Explanation 
a 4cm Check with your ruler. 
b MES = 2000 Using the same units, divide the real 


distance (80 m = 8000 cm) by the measured 
distance (4 cm). 


© Sa Check with your ruler. 

d 5 х 2000 = 10000 cm = 100 m Multiply the measured distance by the scale factor 
and convert to metres by dividing by 100. 

Now you try 


The given diagram is a simple map of a swimming pool. 


a 
b 
с 
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CORE Year 10 


Use a ruler to measure the distance across the pool (AB). (Answer in cm.) 
Find the scale factor between the map and ground distance. 

Use a ruler to measure the map distance across the pool (CD). (Answer 

in cm.) 

Use your scale factor to find the real length of the pool (CD). (Answer in m.) 


7H 
7H) 3 The given diagram is a simple map of a park lake. 4 | 
Е a Use a ruler to measure the distance across the lake (АВ). dA 33 
В 


(Answer їп ст.) 
b Find the scale factor between the map and ground 
distance. 


с Use a ruler to find the map distance across the lake (CD). c4 
(Answer in cm.) 


d Use your scale factor to find the real distance across the 
lake (CD). (Answer in m.) 


Е 4 The given diagram is a simple : 
тар of a children’s play area. $2 

a Use a ruler to measure 
the distance across the 
children’s play area (AB). 
(Answer in cm.) 

b Find the scale factor 
between the map and 
ground distance. 

€ Use a ruler to find the 
map distance across the 
children's play area (CD). 
(Answer in cm.) 

d Use your scale factor to find the real distance across the children's play area (CD). (Answer in m.) 


Ї 
! 


Hint: Use the measured distance 


AB and the actual distance AB 


33 to find the scale factor. 


Example 17 Using similarity to find areas 


The two given triangles are known to be similar. 
Find the area of the larger triangle. 


2cm 
5cm 
Solution Explanation 
[бї ГёШ® 21591955 First, write the length ratio. 
Area ratio = 22:5? = 4:25 Square each number in the length ratio to get 
the area ratio. 
Area scale factor = 2 = 6.25 Divide the two numbers in the area ratio to get 
the scale factor. 
-. Area of larger triangle = 3 x 6.25 Multiply the area of the smaller triangle by the 
= 75 тё scale factor. 
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Now you try 
The two given triangles are known to 


804 | | Area = 5 m2 
be similar. 
Find the area of the larger triangle. 
6m 


Н 5 The two given triangles are known to be similar. Find the Hint: 
area of the larger triangle. Length ratio = a:b 


Area ratio = a? : b? : 
Area scale factor = ша 
1 2 
Area = 4 cm2 Area = 20 m2 
15m 


Е 6 ү two given triangles are known to be similar. Find the area of the smaller triangle. 


| 


Hint: You will need to divide the larger 
area by the area scale factor. 


Area 
= 6.75 cm2 


3 cm 


Example 18 Using similarity to find volume 


The two given prisms are known to be similar. 
Find the volume of the smaller prism, correct to two decimal places. 


10 ст 
15 cm 
Volume = 40 cm3 
Solution Explanation 
Length ratio = 10! : 15! = 2:3 First, write the length ratio and simplify. 
Volume ratio = 23:33 = 8:27 Cube each number in the length ratio to 


get the volume ratio. 


Volume scale factor = = = 3.375 Divide the two numbers in the volume 
ratio to get the scale factor. 
-. Volume of smaller prism = 40 + 3.375 Divide the volume of the larger prism by 
= 11.85 cm? (to 2 d.p.) the scale factor and round as required. 


Continued on next page 
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Now you try 
The two given prisms are known to be similar. P ANE 
Find the volume of the smaller prism, correct to two 


decimal places. 


2m 
Volume = 50 m3 
5m 
m 7 The two given prisms are known to be similar. Find the volume of p? 
Hint: Volume scale factor = — 
a 


the smaller prism (to two decimal places). 


b =— 7 if the length ratio is a: b. 
Vol. = 27 m3 
3m 


8 The two given prisms are known to be similar. Find the volume of the larger prism. 


a b 
3 cm 


] cm 


2 cm 


10 т 
25 т 


] cm 


Á 3 
Vol. = 4 cm? Vol. = 10m 


Problem-solving and reasoning 9, 10 


9 The given map has a scale factor of 50000 (i.e. ratio 1:50000) 
a How far on the ground, in km, is represented by these 
map distances? 
i 2cm ii 6 cm 


Hint: 499 
1 т = 100 ст 
1 Кт = 1000 т 


b How far on the тар, in cm, is represented by these 
ground distances? 
і 5km ii 0.5 km 

c What is the actual ground distance between the 
two points A and B? Use your ruler to measure the distance 
between A and B first. 
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Е 10 Two pieces of paper are similar in shape, as shown. 
а What is: 


i the length ratio? Area = 800 cm? 20 cm 
il the area ratio? 


b Find the area of the smaller piece of paper. 
15 ст 


11 Two cylinders are similar in shape, as shown. 
а Find the volume ratio. 
b Find the volume of the larger cylinder. 


Vol. = 30 cm? 


Е 12 Two rectangular prisms are known to be similar. 


а Find the following ratios. 
i length 
ii area 2cm 
iii volume 
Volume = 16 cm? 
3 cm 


b Find the total surface area of the 
larger prism. Total surface area = 40 cm? 


c Find the volume of the larger prism. 


¥ Skyscraper model | = 


m 13 A scale model of a skyscraper is 1 m tall and the volume is d TT 
2 m?. The actual height of the skyscraper is 300 m tall. р i 
a Find the volume ratio between the model and actual skyscraper. =н 
b Find the volume of the actual skyscraper. 
c If the area of a window on the model is 1 cm”, find the area of the actual window, іп m?. 
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Maths@Work: Pool builder 


Pool builders and designers need to understand 
many aspects of measurement and geometry to 
be able to accurately undertake the task of 
designing and building pools that meet the 
specifications of the client. They must be able to 
read plans, measure the angles, create similar 
figures and work with parallel lines, especially 
when they create and work from the pool plans 
and drawings. 


Below are the plans for a pool drawn by a designer. All lengths are given in mm. Answer the questions on 
the next page relating to the design of this pool. 


7050 


oe cOBPDUODUADADOSI 


Gravel 


900600 


А iss A 
© 
о = о 
Outdoor 
shower 


influence from 
boards sewer 


Residence 


| 


New retaining 


wall 600H. Ace 
Existing 
Ex. Paving fence 
R.L10.00 
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1 Refer to the plans to answer the following questions. 
а What is the total length of the pool when looking across the top of the plans, in metres? 
b How deep is the proposed spa, in metres? 
c What is the height of the new retaining wall, in cm? 
d What is the area taken up by the internal dimensions of the spa? Include the seated area and give 
your answer in square metres. 
What is the angle between the back fence and the right side fence? 
f If you walked around the outside of the pool/spa area, how many right angles would you turn? 
Assume you start and finish at the same point, facing in the same direction. 


Ф 


2 Consider the section of the роо! called Leisure area, including the two steps which are a part of 

this area. 

a Ву counting the number of outside edges, decide what is the shape of the proposed leisure area. 

b What is the sum of the interior angles of the leisure area, using your knowledge of the angle sum 
of any polygon? 

с Use a protractor to measure the angles of the leisure area to check that the total is what you expect 
from part b. 

d Using your geometrical equipment, ruler and protractor, create an enlargement of the leisure area. 
Use the enlargement factor of 4. Your drawing will be mathematically similar to the original. Add 
all the labelled measurements from the original drawing. 


3 Consider this pool tile, which will be used in the spa of ” 
this pool. 
a What are two shapes being used in its design? » Ф 
b Аге both shapes regular? 
c What are the internal angles of the two shapes? » Ф 
d This pattern is a tessellation of two shapes. Why does there 
need to be two different shapes used here? Explain. 
e Design your own tessellation using two regular shapes, » Ф 
ensuring they are different from the ones used here. 
t 2 


Using technology 


7*3 1 Use a geometry package, like GeoGebra, Desmos, Cabri or Geometer's sketchpad, to come up with 
э“. your own pool design. You may wish to add length and angle measurements to add detail. Here is a 
simple example. 


Fountain 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Calculating inaccessible lengths 


Without the use of sophisticated equipment, it is possible to use similar triangles as geometric models to 
estimate inaccessible lengths such as tree heights and distances across an impassable object like a gorge 
ога river. 


You and a work-mate Hugo are surveyors in Australia’s north, working for a Tourism company that 
requires measurements and calculations for some new tourist facilities. 


Modelling 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Preliminary task 
The height of a tree 


In the Kimberley, W.A., a tourist sign needs to include the height of 
an old Boab tree and of a nearby termite mound. 


Late one afternoon Hugo measured the shadow of the Boab tree to 

be 16 m, and at the same time, his own shadow was 2.5 m long. 

Нидо height is 1.8 m. 

a Copy these two right-angled triangles and label the known lengths: 
BC = 161. ED = КЕ mand EF = 251 


~ | [м 


Tree’s shadow Hugo’s shadow 


Explain why ZACB = ZDFE 

Prove the AABC is similar to ADEF. 

Find the scale factor linking the two triangles. 
Calculate the height of the Boab tree. 

If, at the same time, a nearby termite mound had a shadow of length 5 m, find its height using 
similar triangles. 


Modelling task 


m The Tourism company requires a gorge and a river to be surveyed at a location where a bridge could 
be built for tourists to safely use. 


= о 8. Оо & 


The problem is to apply appropriate mathematical procedures and calculate the width of a gorge and 
of a river. 


Describe the mathematical procedures appropriate for this task by answering the following questions. 

a When a pair of triangles are similar, explain how the corresponding angles are related and how 
the corresponding sides are related. 

b Explain how the scale factor is calculated for similar triangles. 

c Summarise the four tests for triangle similarity. 
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Solve 
The width of a gorge 
At Knox gorge in Karijini National Park, W.A., 
you notice a tree (A) directly across the other 
side of the gorge and you proceed to place 
rocks (В, С, D and Е) on your side of the 
gorge in special positions as shown in the 
diagram below. 


You measure BC = 12 т, CD=4m 
and DE=6m. 


Gorge 


Copy the triangles, label known lengths and pairs of equal angles. 
Prove the AABC]||AEDC. 

Find the scale factor linking the two triangles. 

Find the distance across this gorge. 


о о a 


The width of a river 


In Nitmiluk National Park, N.T., Hugo wants to measure the width of Katherine River. He sees a tree 
(A) directly across the other side of the river and places rocks (B, C, D and E) on his side of the river 
in special positions as shown in the diagram below. 


He measures ВС = 15 m, 80 = 5 m and DE = 18 m. 


D E 

h Copy the triangles, label known lengths and equal angles. 
i Explain why AABC|||AADE. 
j Find the scale factor linking the two triangles. 
k Use trial and error to find the distance across the gorge from the tree at A to the rock 

placed at B. 

Evalua 

| Check that you have answered each question appropriately with the use of labelled diagrams, peu 

clear mathematical workings and sentence answers. vay 


Communicate 


m Write a brief recommendation to the Tourism company including the gorge and river widths. 


Extension question 


Use an equation, instead of trial and error, to find the width of Katherine River (i.e. the length AB in the 
river diagram above). 
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478 Chapter 7 Geometry 


1 How many squares can you see in this diagram? 


2 ‘I think of this when I look in the mirror.’ Find the value of x in each diagram, then match the 
letters beside the diagrams to the answers below. 


ils) Щй 120 1240 110 25 75 120 115 75 
3 What is the size of the obtuse angle ZABC in this diagram? A 


С 
4 This rectangle is subdivided by three straight lines. PON 


a How many regions are formed? js 
b Whatis the maximum number of regions formed if four lines are лс 
used instead of three? um. 


5 Find the distance across the river. 


River 2 


1 
І 
1 
2 1 
1 
1 
1 
1 
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Parallel lines Triangles 
Angle sum = 180° 


Scalene Isosceles Equilateral 
transversal 
а= b corresponding angles 
b= c alternate angles 
c+ e= 180 cointerior angles 
а- c vertically opposite angles 


Exterior angles 


Congruent triangles pasa fh 


Equal in size and shape 


Алешшпѕ sajdeug 


Tests: SSS, SAS, AAS, RHS 


A congruence statement: 
ЛАВС = ADEF 


Quadrilaterals 


Similar triangles ШЕ 
Equal іп shape and sides are іп Special types include: 
the same ratio e parallelogram 
. * square 
Tests: SSS, SAS, AAA, RHS e rectangle 
* rhombus 
* kite 
e trapezium 


A similarity statement: 
ДАВС! ADEF 


Applications of similarity 


When AABC || ADEF, then: 
DE .. DF .. EF Polygons ў 


e Scale factor = — or — or = 

M c M gt Angle sum, $= 180° x (n - 2) 
e Length ratio а: b, Scale factor =F 7 
Regular polygons have: 
* equal side lengths 
* equal angles 


2 
e Area ratio a? : 02, Scale factor = b * 


3 
e Volume ratio аЗ: b3, Scale factor =% * 


e Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


ear 10 


v 
1 1сап find unknown angles in parallel lines. 
e.g. Find the values of the pronumerals in this diagram and give reasons 
for your answers. 
2 I can prove that two lines are parallel. 
e.g. Decide, with reasons, whether the given pair of lines are 141° 37 
parallel. 
3 I can find unknown angles іп any type of triangle. È 
e.g. Find the value of x in this triangle. = 
4 Асап use the exterior angle theorem to find V 
unknown angles. 
e.g. Use the exterior angle theorem to find the value of x in this 
diagram. 
XN N 
5 I can find an unknown angle in a quadrilateral. 
e.g. Find the value of x in this quadrilateral. 
6 I can find an unknown angle in a special quadrilateral. 
e.g. Find the value of x in this kite. oN 
X 
409 
e 102° 
T, 
7 I can find an angle sum of a polygon апа an unknown 
angle in a polygon. 
e.g. Find the value of x in this pentagon after finding the angle sum. 
8 I can find the internal angle in a regular polygon. 
e.g. Find the size of an internal angle inside a regular hexagon. 
9 I can choose a test and write a congruence X U 
statement for a pair of congruent triangles. Y 11 
e.g. Write a congruence statement and the test to prove 4 i 5 
congruence for this pair of triangles. 2 $ iP 
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10 1сапргоме that a pair of triangles are 6 5 
congruent. 
e.g. Prove that this pair of triangles are congruent, 2 5 4 
giving full reasons. 6 

11 I can prove that a pair of G Е Е 
triangles are similar. 
e.g. Prove that this pair of triangles are A _ 10 С 4 
similar, giving full reasons. A 5 B D 

12 1сап find a scale factor and use this to find an 


X 
unknown length. AN у 
e.g. If the given pair of triangles are known to be similar, find the 
value of x. 6 
LN 
3 V 


13 


| can use the scale factor 

for similar triangles to find 

an unknown length in a real 

context. 

e.g. For the triangles formed from these 3m 
yacht sails, give a reason why they are 

similar then use the scale factor to find 

the length of the hypotenuse on the 


larger sail. 2m 5m 
14 I can use the scale factor for similar D 

triangles to find an unknown length inside 

combined triangles. Cm B 


e.g. If the point A is at the centre of CD in this diagram, 
find the length АВ. 


D 
(2 А 
а 
8 cm 
15 I can use measurement and the map scale factor A 
to find a real distance on a map. 
e.g. Use measurement and the map scale factor to find the 
distance across the pool (CD). C D 
Scale 1 : 300 
B 
16 I can use an area or volume ratio to find — Volume = 30 m3 
an area or volume of a similar object. 
e.g. Find the volume of the larger prism if it is known 
that they are similar. 
2m 
3m 
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Short-answer questions 


5 7A 1 Find the value of x and y in these diagrams. 
Ф а b 
D 
љ 
p 
0) c d 305 2 
Q шин 
„С е Ї 
Q xf о 
(2x)° 
18 2 Findthe value of x in these triangles. 
a 10° 150° b 
x? 
d e ^ Ї 
hr DE 
D 
/ A 
h i 
7с 3 List all the quadrilaterals that have: 
а two pairs of parallel lines 
b opposite angles that are equal 
c one pair of equal angles 
d diagonals intersecting at right angles 
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104 Find the values of the pronumerals in these quadrilaterals. 


ш а а 150° © 
: S 
© 
FP 
d f 


70 5 Find the value of x by first finding the angle sum. Use S = 180° x (n — 2). 


(D 
m 
= 
Ф 
= 
Ф 
5 


10 6 Shown here is an example of a regular pentagon (n = 5) with side lengths 2 m. 
а Find the perimeter of the pentagon. 
m d b Find the total internal angle sum (S). 
c Find the size of each internal angle (x). 


ТЕ 7 Give reasons why the following pairs of triangles are congruent. 
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ТЕ 8 Decide whether the given pairs of triangles are similar and give your reasons. 


a bB2C D 


\ | 
8| (8. ELIF 
^2 K >» | 


А 3 Е 
729, 
2 (w m c Ё AE 
3 4.5 
в 
da С Е 
В 
F D 


7G 9 A skateboard ramp is supported by two vertical D 
struts, BE (2 m) and CD (5 m). 7 p 


5 
o 
> 
Ф 
мы 
мы 
Ф 
jud 
Q. 
(0 
Р om 
О 


а Мате two triangles that аге similar, using the E a 

letters A, B, C, Dand E. _— 
b Give a reason why the triangles are similar. —_ it = 
c Find the scale factor from the smallest to the A B C 


larger triangle. 
d If the length AB is 3 m, find the horizontal length of the ramp AC. 


++ 


76 10 The shadow of Clara standing in the sun is 1.5 m 

long, whereas the shadow of a 30 cm ruler 

is 24 cm. 

a Give a reason why the two created triangles 
are similar. 

b Find the scale factor between the 
two triangles. 

c How tall is Clara? shadow shadow 
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ТН 11 The given diagram is a simple map of a swamp in bushland. 


a Use a ruler to measure the distance across the swamp 
Ed * (AB). (Answer in cm.) 


b Find the scale factor between the map and actual ground 
distance. 


14еёчэ 


с Use a ruler to find the map distance across the swamp 
(CD). (Answer in cm.) 

d Use your scale factor to find the real distance across the swamp (CD). 
(Answer in m.) 


№МӘІЛӘЈЛ 19 


ТН 12 The two rectangular prisms shown are known to be similar. 


gi vir 


6 cm 
9 cm 
Vol. = 108 cm3 
а Find: 
i the length ratio ii the area ratio 


iii the volume ratio 
b Find the volume of the smaller prism. 
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ТА 


ТА 


5 
o 
> 
Ф 
мы 
íi 
Ф 
jud 
Q. 
(0 
Р om 
О 


ТВ 


7C 


ТЕ 


ТЕ 


7G 


* 
* 


Multiple-choice questions 


1 


The values of x and y in this diagram are, respectively: 

A 100, 100 В 80,100 

C 80,80 D 60,120 y? 

E 80,60 2 80° 
The unknown value x in this diagram is: 

A 85 В 105 0 75 

D 80 E 90 т092 282 
A triangle has one angle of 60° and another angle of 70°. The third angle is: 

A 60? B 30? 0 40? 

D 50? E 70? 


The value of x in this quadrilateral is: Los E 
D 120 E 110 5 A 


The sum of the internal angles of a hexagon is: 

A 180° B 900° 0 360° 

р 540° E 720° 

Which abbreviated reason is not relevant for proving congruent triangles? 

A AAS B RHS C SSS 

D AAA E SAS 

Two similar triangles have a length ratio of 2:3. If one side on the smaller triangle is 5 cm, 
the length of the corresponding side on the larger triangle is: 

A 3cm B 7.5 cm C 9cm 

D 8cm E 6cm 

A stick of length 2 m and a tree of unknown height stand vertically in the sun. The shadow 
lengths cast by each are 1.5 m and 30 m, respectively. The height of the tree is: 

A 40m B 30m C 15m D 20m E 60m 

Two similar triangles have a length ratio of 1:3 and the area of the large triangle is 27 cm. 
The area of the smaller triangle is: 

A 12cm? B 1cm? C 3cm? D 9cm? E 27cm? 


10 Two similar prisms have a length ratio of 2:3. The volume ratio is: 


A 4:9 B 8:27 С 2:27 D 2:9 E 4:27 
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Extended-response questions 


1 А company logo contains two triangles, as shown. 
a Write down the value of x, y and z. 
b Explain why the two triangles are similar. 
c Write down the scale factor for length. 
d Find the length of the longest side of the 


smaller triangle. 
Ч e Write down the area ratio of the two triangles. 
f Write down the area scale factor of the two triangles. 


toy model of a car is 8 cm long and the actual car is 5 m long. 
Write down the length ratio of the toy car to the actual car. 


What is the surface area ratio? 
If the actual car needs 5 litres of paint, what amount of paint would be needed 


for the toy car? 


A 
a 
b If the toy car is 4.5 cm wide, what is the width of the actual car? 
с 
Ч 
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ESsentiallmathematicsdWhy solving islimportant 


Solving equations happens all the time in professional sport, almost every type of trade, and in EI 
every business. 


e Car designers and engineers use equations to optimise the strength of the materials, flow of 
fluids through the engine, fuel efficiency, friction on the tyres, safety of the car in a collision and 
many other uses. 

* Personal finance decisions can be assisted by solving simultaneous equations. For example, 
finding the best deal between various rental properties, running costs for cars or quotes from 
trade workers. 

» Construction workers such as engineers, electricians, builders, carpenters and concreters solve 
equations to find the cost of materials, time a job will need and profit. 

• Financial analysts create straight line graphs of profit and costs vs number of sales. A profit 
occurs after the point of intersection, where the profit line rises above the costs line. 

* To be successful, businesses analyse money flow. Solving equations can determine affordable 
stock and staff levels. 


i matics for the Australian Curriculum ISBN 978-1- 86-9 
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In this chapter 


8A Solving linear equations 


8B Solving more difficult linear 
equations Jr 

8C Using formulas 

8D Linear inequalities 

8b Solving simultaneous 
equations graphically 

8F Solving simultaneous 
equations using substitution Jr 

8G Solving simultaneous 
equations using elimination Jr 


Australian Curriculum 


NUMBER AND ALGEBRA 
Patterns and algebra 


Substitute values into formulas to 
determine an unknown (ACMNA234) 


Linear and non-linear 
relationships 


Solve problems involving linear 
equations, including those derived 
E. from formulas (ACMNA235) 


Solve linear inequalities and graph 
their solutions on a number line 
(ACMNA236) 


Solve linear simultaneous equations, 
using algebraic and graphical 
techniques, including using digital 
technology (ACMNA237) 


Solve linear equations involving simple 
algebraic fractions (ACMNA240) 


© Australian Curriculum, Assessment 
and Reporting Authority (ACARA) 


Online resources 


A host of additional online 
resources are included as part 

of your Interactive Textbook, 
including HOTmaths content, video 
demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 
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490 Chapter 8 Equations 


When а= 6 and b = —3, evaluate the following. 
ama h b ab c 3(а + 2Ь) 


When m = 4, n = 7 and p = —2, evaluate the following. 


a 4т+р b p(4-n) c = 


Simplify the following. 
a а-2а b 4m-m с бр+2р "Im = 7m 
e 27-7т f 8x+y-x g 8р-4р-3р "Im = Ат + 3m 


-ир quiz 


Simplify the following. 
El 552 4p x4 
d бах(-5) axb 


g m+m ба x3 


Warm 


Complete the following. 
Xho- =? 
z+1- =F 


=? 2m + 


= ба + 


Write an expression for each of the following. 

a the sum of x and 3 b six more than n 

c double w d half of x 

e six more than double x f seven less than x 

g three more than x and then doubled h one more than triple x 


Write an expression for the perimeter of the following. 
a b 


2x +3 


State true (T) or false (F) for whether the following are equations. 
a x+3 DES LOO 

d 2x (2 See 

а dex3 h m-m 


Solve the following simple equations. 
ат? 01-12 


10 Answer true (Т) or false (F) to the following. 
a 5>3 DES S 


8A Solving linear equations 


Learning intentions 


e То know what a solution to an equation is 

e To be able to solve a simple linear equation 

e To be able to verify a solution to an equation 

Key vocabulary: equation, linear equation, solve, variable, pronumeral, backtracking, verify, substitute, solution 


A cricket batsman will put on socks, then cricket shoes and, 
finally, pads in that order. When the game is over, these items 
are removed in reverse order: first the pads, then the shoes 
and finally the socks. Nobody takes their socks off before their 
shoes. A similar reversal occurs when solving equations. 

We can undo the operations around x by doing the 
opposite operation in the reverse order to how they have 
been applied to x. To keep each equation balanced, we 
always apply the same operation to both sides of an 
equation. 


For example: 
Applying operations to x 2 7  Undoing the operations around х 
х=7 2х + 12.2 26 
x2 ух a 2-0 
2х= 14 с 
og 0+0 +2 "PT 
2x + 12=26 d di 


o Lesson starter: Keeping it balanced 


Three weighing scales are each balanced with various weights on the left and right pans. 


Balanced scales 1 Balanced scales 2 Balanced scales 3 


What weight has been removed from each side of scales 1 to get to scales 2? 
What has been done to both the left and right sides of scales 2 to get to scales 3? 
What equations are represented in each of the balanced scales shown above? 
What methods can you recall for solving equations? 


8 Ап equation is a mathematical statement that includes an equals sign. The equation will be 
true only for certain value(s) of the pronumeral(s) that make the left-hand side equal to the 
right-hand side. 

222 

6 


For example: 2, 3p + 2t = 6 are equations; бх — 13 is not an equation. 


8 A linear equation contains a variable (e.g. x) to the power of 1 and no other powers. 
For example: 3x — 5 = 7, 4(m — 3) = m + 6 are linear equations; x? = 49 is not linear. 
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® To solve ап equation, undo the operations built around x by doing the opposite operation in 
the reverse order. 


e Always perform the same operation to both sides of an equation so it remains balanced. 
For example: 
For 5x +2 = 17, we observe operations that have been applied to x: 


x5 +2 
x asx 5x42 


So we solve the equation by ‘undoing’ them in reverse order on both sides of the equation: 
-2 -5 -2 +5 
5x+2— »5x— x and 17 S15 — »3 


This gives the solution: 
32-17 
E ҮЕ 


5х = 15 


EN +5 
Jem S 


* Alternatively, a solution need not show the operations applied to each side. These can be 
done mentally. For example: 


5x+2=17 
рс = 15 
К=з 


® A flow chart сап be used to solve equations. First, the equation is built up following the order 
of operations applied to x and then the solution for x is found by undoing these operations 
in the reverse order. 
For example, here is a flow chart solution to 5x +2 = 17. 


Solution x = 3. 
e Backtracking is the process of undoing the operations applied to x. 


® To verify an answer means to check that the solution is correct by substituting the answer to 
see if it makes the equation true. 
e.g. Verify that x = 3 is a solution to 5x +2 = 17. 
Leena ра 


= 5(3) +2 
217 2 x =3 is a solution. 


Exercise 8A 


Understanding 1-3 


1 State the missing word or number. 
а An equation is a statement that contains an sign. 
b A linear equation contains a variable to the power of 
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2 Consider the equation 2х+3 = 7. 
a Complete this table by evaluating 2x + 3 for the given values of x. 


х 0 1 


2 3 


2х+3 


8A Solving linear equations 


b By looking at your table of values, which value of x is the solution to 2x +3 = 7? 


3 Decide whether x 2 2 is a solution to these equations. 


a x+3=5 
d 2x-1=10 


b 2x27 
e 3x+2=8 


Hint: Substitute x — 2 to see whether 2 
ЛЭ А5: | 


| Ешепсу -. ка 
Example 1 Solving one-step equations 


493 


Solve: 
a х+7= 12 1022-42-02 093: d 222) 
Solution Explanation 
a x+7=12 Write the equation. The opposite of +7 is — 7. 
x= 12=7 Subtract 7 from both sides. 
х= Simplify. 
Verify: LHS=5+7 RHS=12 Check that your answer is correct. 
ш12 
By 03 Write the equation. The opposite of — 9 is 4-9. 
х-3-9 Add 9 to both sides. 
= 0) Simplify. 
Veritys 5-12-9 к= 3 Check that your answer is correct. 
= 35 
с 12 Write the equation. The opposite of x3 is +3. 
х= 12 Divide both sides by 3. 
x=4 Simplify. 
Verity, LHS=3x4 — RHS=12 Check that your answer is correct. 
e 
d 1^ 20 Write the equation. The opposite of +4 is x4. 
х-20х4 Multiply both sides by 4. 
x= g0) Simplify. 
Verify: LHS = — RHS = 20 Check that your answer is correct. 
a20 
Now you try 
Solve: 
a х+5= 21 li) = e 1 с 4х= 36 
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ET 4 Solve the following. 


Chapter 8 Equations 


8+x= 14 


Hint: 


х-8-9 


16=m+1 is the same as m + 1 = 16. 


a 1+5=8 b m+4=10 
d m+8=40 е а+1=—5 
g х-3=3 li x-7=2 
1 х-3-0 k x-2--8 
5 Solve the following. 
a 8р= 24 b 58-30 
Ч 15р-15 е бт--42 
хоо m. 
g 5= 10 һ 3 7 
| 2- у _1 
ы T7) 
6 Solve the following equations. 
a х-9-12 b x+3=12 
d x-723 e x-2-12 
g 3х-9 h 4х-16 
ï x х. 
1 oo k 3 7 
Solve 4x + 5 = 17. 
Solution 
4x+5=17 
4x = 12 
х=12 
xs 
Verify: LHS = 4(3) + 5 RHS = 17 
-17 
Now you try 
Solve 5x – 1 = 19. 
7 Solve the following equations. 
a 2x+5=7 b 3x+2=11 
с 4x-3=9 4 6х-13-1 
e 8х-16-8 f 10x+92=2 
g 3x-4=8 h 2x-7=9 
i 5x-4=36 j 2x-6=-10 
k 7х-3--24 | 6х-3-27 
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C 
f l6-m-*lsg.x-14isthesameas x - 8 = 14. 
i 
| 


Хос 


3 


с 27-34 Hint: 27 = 3d is the same 
f -10=20p assed = 07 
| 6=-2 
Hint3xl23X1- 
р m 1 2-T3 
2 4 
с х415-4 Hint: Carry out the ‘opposite’ operation 2 
f х-5-5  tosolvefor x. 
i 2x=100 
| х=] 
7 
Explanation 


Write the equation. 
Subtract 5 from both sides first. 


Divide both sides by 4. 


Simplify. 


Check your answer. 


ISBN 978-1-108-87886-9 


Hint: First choose to add or subtract a 


number from both sides and then 


divide by the coefficient of x. 
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Solve 2—3 = 4. 


5 
Solution 
Ab э 5) 
5 J= 

X 
5 7 
х= 99 


Verify: LHS = = -2 RHS =4 


=4 
Now you try 


Solve 2 = 6. 


8 Solve the following equations. 


X4+2=5 = 


a 3 


х+4_ 


Solve 7 


Solution 


45, 


2 
х+4=12 


54-19 


Verify: LHS = RES = 6 


8+4 
2 


6 


Now you try 


= 3 


1 = |. 


Solve 
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8A Solving linear equations 


Explanation 
Write the equation. 


Add 3 to both sides. 
Multiply both sides by 5. 


Check that your answer is correct. 


©; 


+3=3 с 4 - 12 Hint: When solving equations, the order Ф 
3 of steps is important. Fors — 5, undo 
-4=3 f 10 2261 the —5 first, then undo the + 3. 
-3=-8 i *-1=-10 
2 
Explanation 


Write the equation. 


In x we first add 4 and then divide by 2. So to undo 


we first multiply both sides by 2. 
Subtract 4 from both sides. 


Check that your answer is correct. 
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496 Chapter 8 Equations 


ET 9 Solve the following equations. 


a mat 3 
с х+5 23 
е neal 
g HH] 
i vli -7 
к £;3--5 


Hint: When solving equations, the order (7) 


3 
d i -2 of steps is important. For ха, undo the 
= +3 first, then undo the +7. Never cancel 
f Бол =8 a number joined by + or — to an x. In 
48 x48, you cannot cancel the 4 into the 8. 
h 87525 
5 
l йг: 5 = 0 


For each of the following statements, write an equation and solve for the pronumeral. 
a When 7 is subtracted from x, the result is 12. 

b When x is divided by 5 and then 6 is added, the result is 10. 

c When 4 is subtracted from x and that answer is divided by 2, the result is 9. 


Solution 
rl ape ye 
oe ex ПО) 
b *+6=10 
хов 
5 4 
= 20 
yaa 
c кошы 
se = 18 
21-22 
Now you try 


Explanation 


Subtract 7 from x means to start with x and then subtract 7. 
‘The result’ means =. 


Divide x by 5, then add 6 and make it equal to 10. 
Solve the equation by subtracting 6 from both sides first. 


Subtracting 4 from x gives x — 4, and divide that answer by 2. 
Undo + 2 by multiplying both sides by 2, then add 4 to both sides. 


For each of the following statements, write an equation and solve Тог the pronumeral. 
a When 3 is added to x, the result is 9. 

b When x is divided by 3 then 7 is subtracted, the result is 0. 

c When 6 is subtracted from x and that answer is divided by 3, the result is 10. 
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ЗА Solving linear equations 497 


10 For each of the following statements, write an equation and solve Тог the pronumeral. 


a When 4 is added to x, the result is 6. 
When x is added to 12, the result is 8. 
When 5 is subtracted from x, the result is 5. 


Twice the value of x is added to 3 and the result is 9. 
(x — 3) is divided by 5 and the result is 6. 
3 times x plus 4 is equal to 16. 


с осо > 


11 Write an equation and solve it for each of these questions. 


When x is divided by 3 and then 2 is added, the result is 8. 


e 


Hint: 5 subtracted from x is x — 5. 


a The perimeter of a square is 52 cm. Determine the length of the side. 


? cm 


P=52cm 


29 
Hint: Draw a diagram and choose а 2 


pronumeral to represent the unknown 
side. Then write an equation and solve it. 


b The perimeter of an isosceles triangle is 32 mm. If the equal sides are both 10 mm, determine the 


length of the other side. 


10 mm 


P=32mm 


12 Convert the following into equations, then solve them for 
the unknown number. 


a nis multiplied by 2, then 5 is added. The result is 11. 

b Four times a certain number is added to 9 and the result 
is 29. What is the number? 

c Half of a number less 2 equals 12. What is the number? 

d Anumber plus 6 has been divided by 4. The result is 12. 
What is the number? 

e 12 is subtracted from a certain number and the result 
is divided by 5. If the answer is 14, what is the number? 


13 Write an equation and solve it for each of these questions. 

a The sum of two consecutive whole numbers is 23. 
What are the numbers? 

b IfI add 5 to twice a number, the result is 17. What is 
the number? 

c Three less than five times a number is 12. What is 
the number? 

d One person is 19 years older than another person. Their 
age sum is 69. What are their ages? 

e Andrew threw the shot-put 3 m more than twice the 


distance Barry threw it. If Andrew threw the shot-put 19 m, 


how far did Barry throw it? 
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Hint: Choose a pronumeral to represent 


the unknown number, then write an 
equation using the pronumeral. I of x 


can be written as 5. 


S.: 
Hint: Consecutive whole numbers are one Ф 
number apart; e.g. 3, 4, 5, 6 etc. The next 
consecutive number after x is x + 1. 
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498 Chapter 8 Equations 


ЗҮ Modelling with equations 


14 A service technician charges $40 up front and $60 for each hour she works. 
a Find a linear equation for the total charge, $C, of any job for h hours worked. 
b What will a 4-hour job cost? 
c If the technician works on a job for 3 days and averages 6 hours per day, what will be the 
overall cost? 
d Ifa customer is charged $400, how long did the job take? 


15 A petrol tank holds 71 litres of fuel. It originally contained 5 litres. If a petrol pump fills it at 6 litres 
per minute, find: 
a alinear equation for the amount of fuel (V litres) in the tank at time ¢ minutes 
b how long it will take to fill the tank to 23 litres 
с how long it will take to fill the tank 


кти, 
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8B Solving more difficult linear equations * 


e To be able to expand brackets and collect like terms when solving a linear equation 

e To be able to collect pronumerals to one side in order to solve a linear equation 

e To be able to solve a simple word problem by setting up and solving a linear equation 
Key vocabulary: expand, like terms, product, equivalent 


More complex linear equations may have variables on both sides of the equation and/or brackets. Examples 
are 6x 22x - 8 or 5(x + 3) = 12x +4. 

Brackets can be removed by expanding. Equations with variables on both sides can be solved by 
collecting variables to one side, using addition or subtraction of a term. 

More complex linear equations of this type are used when constructing buildings and in science 
and engineering. 


© Lesson starter: Steps in the wrong order 
The steps to solve 8(x + 2) = 2(3x + 12) are listed here in the incorrect order. 
8(x + 2) = 2(8x + 12) 


х=4 
2х+16 = 24 
8х+ 16 = 6x 4 24 

2х= 8 


e Arrange them іп the correct order, working from the problem to the solution. 
e By considering all the steps in the correct order, write what has happened in each step. 


@ When solving complicated linear equations: 
1 First, expand any brackets. 
In this example, multiply the 3 into the first bracket and the —2 into the second bracket. 


8, -2(х-2)-22 
6с-3-2х-4-22 
2 Collect any like terms on the LHS and any like terms on the RHS. 
Collecting like terms on each side of this example: 


6)-403)-9-6)-562)» 10 
2х- 13 = Зх+ 5 
шоог ээ 2 гт аж 085 
3 If an equation has variables on both sides, collect to one side by adding or subtracting one of 
the terms. 
For example, when solving the equation 12x +7 = 5x + 19, first subtract 5x from both sides: 


LRS: 2x cB eg 


5. ee E 
7x7 219 


4 Start to perform the opposite operation to both sides of the equation. 
5 Repeat Step 4 until the equation is solved. 
6 Verify that the answer is correct. 
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8 To solve a word problem using algebra: 
* Read the problem and find out what the question is asking for. 
e Define a pronumeral and write a statement such as: ‘Let x be the number of ...’. The 
pronumeral is often what you have been asked to find in the question. 
* Write an equation using your defined pronumeral. 
Solve the equation. 
Answer the question in words. 


Exercise 8B 


Understanding 3 


1 Choose from the words collect, expand and one to complete the following when solving linear 
equations. 
a First any brackets. 
b any like terms. 
с If variables are on both sides, collect to side. 


2 When -2(x- 1) is expanded, the result is: 


A -2х-2 B —2х+1 С -2x+2 
D 2x+2 E 2х-1 

3 When 2x is subtracted from both sides, 5x + 1 = 2x — 3 becomes: 
A 3x-1=3 B 7x+1=-3 б 7х-1-3 
D 3x+1=3 E 3x+1=-3 


Example 6 Solving equations with brackets 


Solve 4(x – 1) = 16. 


Solution Explanation 
4(xx-1)=16 
4x-4=16 Expand the brackets: 4 x x and 4 х (-1). 
4x = 20 Add 4 to both sides. 
хэ Divide both sides by 4. 
Now you try 


Solve 3(x + 1) = 15. 


4 Solve each of the following equations by first expanding the brackets. 


a 3(x+2)=9 b 4х-1)-16 
c 3(x+5)=12 4 4(а—2)=12 
e 5(а+1)=10 f х-10)-10 
g 6(т-3)-6 h 3(d+4)=15 
i 7a-8)=14 | 10(а+2) = 20 
k 5(3+х) = 15 | 2а-3)-0 
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8B Solving more difficult linear equations 501 


Solve 3(2x + 4) + 2(3x — 2) = 20. 


Solution 


гоо. 
3(2x + 4) + 2(3x — 2) = 20 


Explanation 


Use the distributive law to expand each set of 
6x +12+6x—4= 20 brackets. 
12x 8 = 20 Collect like terms on the LHS. 
12:92:12 Subtract 8 from both sides. 
ха! Divide both sides by 12. 
Now you try 
Solve 2(3x = 1) = 30; — 4) 2:16; 
5 Solve the following equations. | | 9 
a 3(2х+3)+2(х +4) =25 b 2(2х+3)+4(3х+1) -42 es al 
c 2(2х+3)+3(4х — 1) = 51 d 3(2х-2)-5(х-4)-36 
e 402х-3)-2(х-4)-10 f 2(3x- 1)+3(2x - 3) = 13 
g 2(х-4)-3(х-1)--21 h 4(2х-1)-2(2х-3)--22 
6 Solve the following equations. o 
a 3(2x+4)-4(x+2)=6 b 2(5х+4) – 3(2х+1) = 9 Hint: E 
c 2(3х- 2) – 3(х+1) 2-7 d 2(х+1) – 3(х- 2) =8 -4(x £2) =—4x - 8 
e 8(х-1)-2(3х-2)-2 f 5(2x-3)-20x-1)--9 -4(x -2) = -4x + 8 
g 5(2x+1)-3(x-3)=35 h 4(2х- 3) – 2(3х—1)=—14 


Solve 7х+9= 2x — 11 for x. 


Solution 
752909) = se = Il 
Suet 9 ший! 
ane = = 20) 
pe 
Now you try 


Solve 10x +3 = 8x — 1 for x. 


Explanation 


Subtract 2x from both sides. 
Subtract 9 from both sides. 
Divide both sides by 5. 


7 Find the value of x in the following. 


a 


AU 00 


7x 22x 410 
8x = 4х — 12 
2x=12-x 
3х+4= х+12 
2x-9=x- 10 
9x 210-x 
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M 
b 10х-9х-12 ) em © 
d бх—2х+80 Hint: Remove the term containing x on Ф 

Week the RHS. For parts e, К and I, you will 
f 2x=8+x need to add х to both sides. 
h 4х+9=х- 3 
j 6х-10-12-44х 
|l l-x=x+3 
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502 Chapter 8 Equations 


8B 


Solve c - 2 for x. 


Solution 


Now you try 


lye = 3) _ 
Solve m 4. 


8 Solve the following equations. 


a E b х+4—5 
Ox 3. 3x -6_ 
g 3 -9 һ 5 -9 


Solve 3 — 4 =2 for X 


Solution 


-A= 
$822 


Зх _ 
= 


Spes 10 
x=4 


Now you try 


Solve 2х | = @ [б 35: 


9 Solve the following equations. 


X EB х B 

a 3+1=5 р 3+1=7 
ЭХ 2^ HEN RE 

d 1 2-5 е 5 3-5 
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Explanation 


Multiply both sides by 4. 
Subtract 3 from both sides. 
Divide both sides by 2. 


с * li, ers 9 
3 Hint: First multiply by the 9 


denominator. 


2x+2 _ 
f S 4 
e 
i Aa 3 
Explanation 


Add 4 to both sides. 


Multiply both sides by 2. 
Divide both sides by 3. 


с 4 3-10 нп First add or subtract a number 4» 
from both sides. 
f 33-5--14 
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10-13 


For each of these questions, write an equation and solve it for x. 


a b (3х + 4) cm 
(х + 3) ст 
2 cm 
Perimeter = 52cm 


Perimeter = 22 cm 


Solve the following equations using trial and error (guess, check and 
refine). Substitute your chosen values of x until you have found a value 


that makes the equation true. 


х+22 _ 

а иж -4х 

b 5(3- х) = 2(х+7.5) 
2x Ll ээ. 

с m EE =2=х 


Find the value of x if the area of rectangle ABCD 
shown is 24 cm?. 


Solution 

A ex xw 
24-(х-3)х4 
24-4х-12 
12 256 

3E 

w= 3 

Now you try 


Find the value of x if the area of rectangle ABCD 
shown is 40 m?. 
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D (x + 3) cm 
Explanation 


Write an equation for area. 


с 
(Ох + 10)° 
1009 


Hint: Vertically opposite ab 
angles are equal. 


4 cm 


C 


Substitute: / = (x + 3), w 2 4, A = 24. 
Expand the brackets: (x + 3) x 4 = 4(x + 3). 


Subtract 12 from both sides. 
Divide both sides by 4. 
Write the answer. 
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Find the value of x 
if the area is 35 cm?. 


b Find the value of x 


if the area is 27 cm?. 
Hint: Form the area equation 


first. 
5 ст 3 cm Е 4» Део 
1 
(x + 4) cm (2x — 1) cm h A=hbxh 
c Find the value of x Vertically opposite angles b 
if the area is 42 cm?. are equal. Find the value 
of x. 
6 cm 
(x + 4) cm (2x + 60)? 120? 
e Find the value of x. 
3х-4 2х +3 
13 Using x for the unknown number, write down an equation 
and then solve it to find the number. Hint: 
а The product of 5 and 1 more than a number is 40. e ‘Product’ means ‘to 
b The product of 5 and 6 less than a number is —15. multiply’ 
c When 6 less than 3 lots of a number is doubled, * The product of 5 and 
the result is 18 1 more than a number 
` нэ means 5(x + 1). 
d When 8 more than 2 lots of a number is tripled, e ‘6 less than 3 lots of a 
the result is 36. number is doubled’ will 
e 10 more than 4 lots of a number is equivalent to шини 
e ‘Tripled’ means three 
6 lots of the number. times anumber: 
f 5 more than 4 times a number is equivalent to * ‘Equivalent’ means 
1 less than 5 times the number. ‘equal to’. 
g 6more than a doubled number is equivalent to 


5 less than 3 lots of the number. 
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14 Valentina and Harrison are planning to hire a car for their wedding day. ‘Vehicles For You’ have the 
following deal: $850 hiring fee plus a charge of $156 per hour. 
a Write an equation for the cost ($C) of hiring a car for Л hours. 
b If Valentina and Harrison have budgeted for the car to cost a maximum of $2000, find the maximum 
number of full hours they can hire the car. 
c lf the car picks up the bride at 1:15 p.m., at what time must the event finish if the cost is to remain 


within budget? 


* More than one fraction - 


15 Consider: 


4x-2_3x-1 
3 2 


26(4х — 2) _ 26(3х — 1) 


il 1 
2(4х-2)-3(3х-1) 


8х-4-9х-3 
-4=x-3 
-l=x 
х= -1 


(Multiply both sides by 6 (LCM of 2 and 3) to get rid of the fractions.) 


Simplify.) 
Expand both sides.) 
Subtract 8x from both sides.) 


( 
( 
( 
(Add 3 to both sides.) 


Solve the following equations using the method shown above. 


x+2 х-1 

> ш 
d 3х-2 3x+4 

3 2 


x+1l_x 3х-4 х-6 
DF цан —3 
е ЖЕЛ. 3х—5 f ЭХ-1, х-4 

7 4 3 4 


This activity is available on the companion website as a printable PDF. 
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Chapter 8 Equations 
8C Using formulas 


e To understand that a relationship between variables can be described using formulas 
e То be able to substitute into a formula and evaluate 

e То be able to solve an equation after substitution into a formula 

Key vocabulary: subject, formula, variable, substitute, evaluate 


A formula (or rule) is an equation that relates 
two or more variables. You can find the 
value of one of the variables if you are given 
the value of all other unknowns. 

You will already be familiar with many 
formulas. For example, C = 2zr is the 
formula for finding the circumference, C, of 
a circle when given its radius, r. 


Р 


Е- 2 С + 32 is the formula for converting 


degrees Celsius, C, to degrees Fahrenheit, Р. 


8 =@ is the formula for finding the speed, s, when given the distance, d, and time, f. 


C, F and s are said to be the subjects of the formulas given above. 


o Lesson starter: Jumbled solution 


Problem: The formula for the area of a trapezium is A = 2 (a b) 


Xavier was asked to find a, given that А = 126, b= 10 апал = 14, and to write the explanation beside each 
step of the solution. 


Xavier's solution and explanation are below. His solution is correct but he has jumbled up the steps 
in the explanation. Copy Xavier's solution and write the correct instruction(s) beside each step. 


Solution Jumbled explanation 


A= ДО +Ь) Subtract 70 from both sides. 
Divide both sides by 7. 


126 = l4 (a +10) | | 
2 Substitute the given values. 


126 = 7(a + 10) Copy the formula. 


Simplify =. 
56 = 7a р 
a=8 Expand the brackets. 
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8 A formula is an equation that relates two or more variables. 


® The subject of a formula is a variable that usually sits on its own on the left-hand side. For example, 
the C in C = 2zr is the subject of the formula. 


A variable in a formula can be evaluated by substituting numbers for all other variables. 


A formula can be rearranged to make another variable the subject. С--2лг can be rearranged 
мл С 
to дме r= эт 


8 Note that Va? = a when a 2 0 and Va? +b? ғ a4 b. 


Exercise 8C 
Understanding 1:2 
1 State the letter that is the subject in these formulas. 
a I Pt БВ F-ma d puts Hint: The subject of a formula is the "or 
100 3 letter on its own, on the left-hand side. _ 
4 A=nr e с=\а?+Ь? f Р-2х-2у 


m 2 Substitute the given values into each of the following formulas to find the value of each subject. 
Round the answer to one decimal place where appropriate. 


a т= E when F = 180 anda 23 Hint: Copy each formula, substitute the 
a given values and then calculate the 
b A= lw, мһеп /= бапа у = 8 answer. 


с А- (аж bh, when а= 6, b= 12 andh=4 


d у2-и2-208, whenu=6,a=12ands=7 e m= [5 when x= 56 and y=4 


Example 12 Substituting values and solving equations 


If v  u- at, find t when v 2 16, u 2 4 anda=3. 


Solution Explanation 
v=utat Substitute each value into the formula. 
v= 116, yed ges 
16-4-3/ An equation now exists. Solve this equation for t. 
12-41 Subtract 4 from both sides. 
4-1 Divide both sides бу 3. 
t=4 Answer with the pronumeral on the left-hand side. 
Now you try 


f A= Ly, find y when A = 12 and x =4. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


ГЭ. 


Е 9 


Їу-и-аг, find t when: 
а v=16,u=8anda=2 
с v=100,u=10anda=9 


If P = 2(/+ 2b), find b when: 
a P=60and/=10 
с P=96and/=14 


If V = lwh, find Л when: 
а V=100,/=S5andw=4 
c V=108,/=3 апа у = 12 


lf A= Th, find b when: 


a A-90and Az 12 
с 42108 and 4218 


fas ДО find A when: 


a A=20,a=4andb=1 

b A=48,a=5andb=7 

с 4= 108, а= 9 апар = 9 
d 4= 196, а= 9 апр = 5 
E = m. Find m when: 

а 


Е = 100 апа с= 5 
с E=72andc=1 


If V = 2r°h, find h (to one decimal place) when: 


a V=160andr=3 
c V=1460 andr=9 


р v=20,u=8 anda=3 
d v=84,u=4anda=10 


b P=48 and/=6 
d P=12.4and/=3.6 


b V=144,/=3 andw=4 
d V=280,/=8 andw=5 


b A=72andh=9 
d A=96andh=6 


b £=4000 and c=10 
d £E=144andc=6 


b V=400 andr=5 
d V=314andr=2.5 


Problem-solving and reasoning 10-12 


10 


The formula F = 2© + 32 is used to convert temperature from 


5 


degrees Celsius (°C) (which is used in Australia) to degrees СЕ 99 
Fahrenheit (°F) (which is used in the USA). 


a When it is 30°C in Sydney, what is the temperature 


in Fahrenheit? 


b How many degrees Celsius is 30° Fahrenheit? Answer to one decimal place. 
Water boils at 100°C. What is this temperature in degrees Fahrenheit? 
d What is 0°F in degrees Celsius? Answer to one decimal place. 
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11 The cost, in dollars, of a taxi is C = 3 + 1.45d, where d 
is the distance travelled, in kilometres. 
а What is the cost of a 20 km trip? 
b How many kilometres can be travelled for $90? 


z 12 [= ИП calculates interest оп an investment. Find: 


a Pwhen/=60,r=8 andt=1 
b £whenI-125,r-5 and Р = 800 
c rwhen J 2337.50, P= 1500 and г = 3 


13 The number of tablets a nurse must give a patient is found using the formula: 
_ strength required 
Tablets tablet strength 
a 750 milligrams of a drug must be administered to a patient. How many 500 milligram 
tablets should the nurse give the patient? 


b If the nurse administers 2.5 of these tablets to another patient, how much of the drug 
did the patient take? 


14 A drip is a way of pumping a liquid drug into a patient's blood. The flow rate of the pump, 
volume (mL) 
time (h) 
a A patient needs 300 mL of the drug administered over 4 hours. Calculate the rate, in mL/h, which 
needs to be delivered by the pump. 
b A patient was administered 100 mL of the drug at a rate of 300 mL/h. How long was the 
pump running? 


in millilitres per hour, is calculated using the formula: Rate = 


Calculation challenges 


15 Atax agent charges $680 for an 8-hour day. The agent uses the formula F — — to calculate a fee to 
a client, in dollars. 
a What does the x represent? 


b Ifthe fee charged to a client is $637.50, how many hours, to one decimal place, did the agent spend 
working on the client’s behalf? 


m 16 Find the area and perimeter of triangle АВС, shown. Round to two decimal places. 
C 


D 
Ээ) 


Hint: Use Pythagoras’ theorem to find х. 


x ст (2x) cm 


10cm 


17 Iqra is 10 years older than Urek. In 3 years’ time, she will be twice as old as Urek. How old are 
they now? 
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8D Linear inequalities 


Learning intentions 


e To know the four inequality symbols and what they mean 
e То be able to illustrate an inequality using a number line 
e То know when to reverse an inequality sign 

Key vocabulary: inequality, inequality sign, linear inequality 


There are many situations in which a solution 

to the problem is best described using one of 

the symbols «, €, » or 2. For example, a medical 
company will publish the lowest and highest 
amounts for a safe dose of a particular medicine; 
e.g. 20 mg/day < dose < 55 mg/day, meaning that 
the dose should be between 20 and 55 mg/day. 

An inequality is a mathematical statement that 
uses an ‘is less than’ (<), an ‘is less than or equal 
to’ (<), an ‘is greater than’ (>) or an ‘is greater 
than or equal to’ (=) symbol. Inequalities may result 
in an infinite number of solutions. These can be 
illustrated using a number line. 

You can solve inequalities in a similar way to solving equations. 


© Lesson starter: What does it mean for х? 


The following inequalities provide some information about the number х. 
a x<6 b x24 б -52x d -2<x 


e Can you describe the possible values for x that satisfy each inequality? 
e Test some values to check. 
* How would you write the solution for x? Illustrate each on a number line. 


Key ideas 
8 The four inequality signs are <, <, > and >. 
e | си 
x > а means x is greater than а. e | 2 
а 
e x2ameans x is greater than or equal to a. s эн 7 
а 
e | ы) 
x <ameans х is less than a. ЕЁ е 
а 
e х<атеапѕ x is less than or equal to a. oa T 
a 


8 On the number line, a closed circle (9) indicates that the number is included. An open circle (9) 
indicates that the number is not included. 


8 Solving linear inequalities follows the same rules as solving linear equations, except: 
e We reverse an inequality sign if we multiply or divide by a negative number. 
For example, —5 < —3 and 5 > 3, and if -2x <4 then x > -2. 
e We reverse the inequality sign if the sides are switched. 
For example, if 2 2 x, then x € 2. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Exercise 8D 


Understanding 1, 2(%) 


1 Match each inequality given with the correct number line. 


D 


ip 
ATS, 


а x>4 A e- ~ а АЕ Hint: Look back at the Key ideas. The Ф 
-4-2 0 2 4 6 8 direction of the arrowhead is the same 
as the direction of the inequality sign. 
« —— — —O9O 
b * < 4 B -< T T T T T T T 25 X 
-4-2 0 2 4 6 8 
Q— —J»»- 
c x2 4 c X T T T T T T T » X 
-4-2 0 2 4 6 8 
- <o 
d ud 4 D «x T T T T T T T »- X 
-4-2 0 2 4 6 8 
ши o> 
e xs 4 E «X T T T T T T T » xX 
-4-2 0 24 6 8 
2 Match each inequality with the correct description. 
a x«2 A x is greater than 2 
b x22 B xis less than or equal to 2 
б x€2 C xis less than 2 
d x22 D xis greater than or equal to 2 
Fluency 
Example 13 Writing inequalities from number lines 
Write each number line as an inequality. 
а <r rr b SSS d 
i 2 3 -3-2-1 0 
Solution Explanation 
а >22 An open circle means 2 is not included. 
ВЕ ЕІ А closed circle means —1 is included. 
Now you try 
Write each number line as an inequality. 
a i = b По 
< T T m >> x шор Т Т т 7» X 
-4 -3 -2 -1 7 & 9 10 
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E» 3 Write each graph as an inequality. 


a 9-----ЭР- 
EN CM S LO Hint: The inequality sign will have те (7797 
same direction as the arrow. | 
р чо 
~ T T T T > X 
5 6 7 8 
с d 90—— 
m T T Ї Т > X ~< T T T T » X 
2 3 4 5 -10-9 -8 -7 
е : g f g< 
Бх Т Т Т Т Т > x + Т Т Т Ї Т > x 
-2-1 0 1 2 7 8 9 1011 
0 X— — —0o h ё---355- 
Т Т Т Т Т > X эь Т Т Т i T > X 
-10-9 -8 -7 - 3 
i -X— — —o j o> 
<—_—_—_— > X х 
-1 0 1 2 -2-1 0 12 
4 Show each of the following on separate number lines. Cx 
a x27 b х»1 € x«l Hint: For x > 7, draw a number line 
d xxl e х?-1 f a20 showing some numbers around 7. 
g p2-2 h а>-—15 1 Л<5 чт > X 
0 7 $ 9 


Use a closed circle (9) for 2 and <. 
Use an open circle (с) for > and <. 


5 Write an inequality to describe what is shown on each of the following number lines. 
a — 
«X T T T T T T T > X Sy 
-3 -2 -1 1 2 3 ї 
3 п Hint: The pronumeral is at the end of the Ф 
р <== number line. 


X T T T T T T T ЭХ 
-3-2-1 0 1 2 3 
с =——_o 
Б Т Т Т Т Т Т Ра 
-4-2 0 2 4 6 
d e—____—__> 
эь T T T T T T T » a 
-4-2 0 2 4 6 8 
E Ф 
е m T T T T T T T T T ЭР? w 
-3-2-1 0 1 2 3 4 5 
_ oOo 
f -< T Ї Т E T T T Т Т Т Т »-W 
-4-3-2-1.0 12 3 4 5 6 
g X T T T T T T T » X 
0 1 2 3.4 5 6 
h o> 
«X T T T T T T T » X 
-4-3-2-1 0 1 2 
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8D Linear inequalities 513 


Example 14 Writing and graphing inequalities 


Write each of the following as an inequality and then show each solution on a number line. 


a xisless than or equal to 3 b xis greater than 1 
c xisless than 0 d xis greater than or equal to -2 
Solution Explanation 
аг Less than or equal to, <, closed circle 
=_—_e 
є T T T ЭРХ 


b х>1 Greater than, >, open circle 


с х<0 Less than, <, open circle 


d x2 -2 Greater than or equal to, =, closed circle 


Now you try 


Write each of the following as an inequality and then show each solution on a number line. 
a х is greater than —4 b x Is less than or equal to 6 


6 Write each of the following as an inequality and then show each solution on a number line. 
a xis less than or equal to 6 b xis greater than 4 
с xis less than 2 d xis greater than or equal to 5 


7 Write each of the following as an inequality, using the pronumeral n. as 


a The number of people who visit the Sydney Opera House Hint: "At least 50° means ‘50 or more’. 
each year is more than 100 000. 

b The number of lollies in a bag should be at least 50. 

€ A factory worker must pack more than three 
boxes a minute. 

d More than 100 penguins take part in the nightly 
parade on Phillip Island. 


e The weight of a suitcase is 30 kg or less. 
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Chapter 8 Equations 


гэ 8 Write each of the following statements as an inequality 


and determine which of the numbers below make each 


inequality true. 


22251531) 571015254 


2 
a xis less than zero 


с xis greater than or equal to 10 


e xis greater than or equal to -1 


b xis greater than 10 
d xisless than or equal to zero 
f xisless than 10 


Solve the following and show your solution on a number line. 


El 25e 5» 1 7 
Solution 
бї 256551 517 
25€ 5 П 
x m9 
MÀ s 
«x T T T T T T 
Т & 9*9 101 12 
Xe 
b 35 2 
= =O 
б. жаа 
X T T T T T T Э-Х 
-10-9 -8 -7 -6 -5 
Now you try 


bis-2 


3 © 


Explanation 


Add 1 to both sides. 
Divide both sides by 2. 


> uses an open circle. 


Multiply both sides by 3. 


< uses a closed circle. 


Solve the following and show your solution on a number line. 


& 3x42 < IUI 


з 


9 Solve each of the following inequalities and show your solution on a number line. 


Hint: Keep the inequality sign the same = 


a 2x>10 b x+2<7 

с 3х»15 d 328 

e х-3»4 f x-3<4 

g р+8<0 h 3a>0 

i x-7«0 2x < 14 

К 5m»-15 1 d-3>2.4 
Хо 12 

т 7504 п 2556 
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Problem-solving and reasoning 9-124) 


* adding or subtracting a number from 
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a positive number. 
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10 Solve the following. 


8D Linear inequalities 515 


b 54+2y>11 с 3p-1>14 
e 3x-2<1 f 5-2w28 
h 5x-520 i 10p-2«8 


^y s 
2 Hint: For +42 < 1, first multiply both | 
x sides by 4. 
3+7>22 For X — 1 > 6, first add 1 to both sides 
x+2 
: «8 
4 
2х+1 
eh uei) 
5 
5x -4>2-x 


3х+7<х- 2 


12 For each of the following, write an inequality and solve it to find the possible values of х. 

When a number, x, is multiplied by 3, the result is less than 9. 

When a number, x, is multiplied by 3 and the result divided by 4, it creates an answer less than 6. 
When a number, x, is doubled and then 15 is added, the result is greater than 20. 

Thuong is x years old and Gary is 4 years older. The sum of their ages is less than 24. 


a 2+4а<10 

d 3x-2210 

g 5х+5<10 

11 Give the solution set for each of the following. 

х-2 

а ^4 Sl b 
х. 

сот 1>6 d 

e 58-57 Ї 

g 25-74 һ 

3 

i 3412-3 j 

k 4(2х+1)>16 | 

а 

b 

с 

d 

e 


Kaitlyn has x rides on the Ferris wheel at $4 a ride and spends $7 on food. The total amount she 
spends is less than or equal to $27. 
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E» Example 16 Solving inequalities when the pronumeral has a negative 
coefficient 


Solve4— x > 6. 


Solution Explanation 
4-х26 Subtract 4 from both sides. 
=F 2 2 Divide both sides by —1. 
y=? When we divide both sides by a negative number, 


the inequality sign is reversed. 
Alternative solution: 


4-х26 Add the x to both sides so that it is positive. 
4>6+x Subtract 6 from both sides. 
=) D Switch the sides to have the x on the left-hand side. 
i e Reverse the inequality sign. 


Note that the inequality sign still 'points' to the x. 


Now you try 
Solve 5 —2x « 17. 


Зул 
13 Choose an appropriate strategy to solve the following. Hint: Remember to reverse the inequality 2 
a 5-x<6 b 7-x210 sign when multiplying or dividing by a 
с —р<7 d 9-а<-10 negative number. 
e —w26 f -3-2p«9 eg. 2 
g 5-2x«7 h 2-054 х) Qr! xc 


«c5 S 0+0) 


Ж Investigating inequalities — 


14 a Let us start with the numbers 4 and 6 and the true relationship 4 « 6. Сору and complete the 
following table. 


True or false? 

4and6 4 6 4<6 True 

Add 3 4+3 6-3 7«9 True 

Subtract 3 4-3 1«3 True 

Multiply by 2 

Divide by 2 

А False 
Multiply by —2 (-8 > -12) 
Divide by —2 4 +(-2) 6 + (72) 
b Copy and complete the following. 

When solving an inequality, you can add or a number from both sides and the inequality 
remains true. You can multiply or by a number and the also remains true. 
However, if you or by a negative the inequality sign must be reversed for 


the inequality to remain 
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8E Solving simultaneous equations graphically 


Learning intentions 


e To understand that an intersection point represents the solution to simultaneous linear equations 
e To be able to locate an intersection point graphically 
e То be able to interpret an intersection point as the solution to a real problem involving simultaneous equations 


Key vocabulary: intersection point, coordinates, parallel, gradient, simultaneous 


When we approach an intersection while driving, we near the 
shared position of two or more roads. 

Like two roads, two straight lines in the same plane will always 
intersect unless they are parallel. 

If we try to find the point of intersection, we are said to be 
solving the equations simultaneously. 


Lesson starter: Which job has 
better pay? 


You start working as a delivery person for the Hasty Tasty Pizza 
Company. You're paid $25 per shift and $4 per pizza delivery. 

A second pizza company, More-2-Munch Pizzas, offers you a job at 
$15 per shift and $5 per pizza delivery. 


* How much does each company pay for delivery of 7 pizzas in one shift? How much does each company 
pay for delivery of 12 pizzas in one shift? 

* For each pizza company, draw up a table to show the money you could earn for delivery of up to 
15 pizzas delivered in one shift. 

* On the same sheet, draw a graph of the information in your tables for each pizza company. Draw the 
graph for each pizza company on the same set of axes. 

* What does the point of intersection show us? 

* Write a sentence describing which job pays better for different numbers of pizzas delivered. 

* Write down one advantage of using a graph to compare these two wages. 


Key ideas 


8 Ata point of intersection, two lines will have the same coordinates. 
8 The point of intersection represents the solution of two linear simultaneous equations. 


8 To find the point of intersection, sketch each straight line and read off the coordinates of where 
the lines meet. 


8 When two lines are parallel, they have the same gradient and there is no point of intersection. 


y y 
А 1 
Р?-Х >X 
O O 
1 point of intersection 0 points of intersection 
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EN Equations 
ЕЗ Exercise 8E 


Understanding 


1 State the missing number. 
a If two lines are parallel, then there are points of intersection. 
b If two lines are not parallel, then there is point of intersection. 


2 State the point of intersection (х, у) for the following lines, if there is one. 
a b 


3 Use the method of trial and error (guess, check and refine) to find the point of intersection for these 
pairs of linear equations. Remember, your chosen point must satisfy both equations, i.e. substitute 
your x and y values into the equations to see if both are true. 

a ys2x-landye5-x 
b у= х- 3 апа 2х+у= –6 
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8E Solving simultaneous equations graphically 


P Fluency COs 


Example 17 Finding the point of intersection by graphing 


Find the point of intersection (x, y) of y = 2x + 4 and 3x + у = 9 by sketching accurate graphs оп the 


same axes. 
Solution Explanation 
y=2x+4 First, find the x- and y-intercepts of each graph. 


y-intercept at x = 
x-intercept at y = 


3x у= © 


y-intercept at x = 


x-intercept at y = 


0: y=2(0)+4=4 


0: 0=2x+4 
= 4 
== 

0: 3(0)-у-9 

у= 9 

0: 3х+ (0) = 9 

ae = 9) 
х=зЗ 


The point of intersection is (1, 6). 


Now you try 


Substitute x = 0. 

Substitute y = 0. 

Subtract 4 from both sides. 
Divide both sides by 2. 


Substitute x = 0. 
Simplify. 

Substitute y = 0. 
Simplify. 

Divide both sides by 3. 


Sketch the graphs using the x- and y-intercepts. 

For y = 2x + 4, the x-intercept = —2 and the 
y-intercept = 4. 

For 3x + у = 9, the x-intercept = 3 and the y-intercept 
= 9, 


Read off the intersection point, listing x followed 
by y. 


Find the point of intersection (x, y) of y 2 x — 2 and 2x — y = 3 by sketching accurate graphs on the 


same axes. 


4 Find the point of intersection (x, y) of each pair of equations by plotting an accurate graph. 
а y=x+land3x+2y=12 
b y=3x+2and2x+y=12 
с у=2х+9апа3х+2у=18 
d у=х+11 апа 4х+3у = 12 
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520 Chapter 8 Equations 


ES 5 Find the point of intersection of each pair of equations by 
plotting an accurate graph. Hint: y = 3 cuts the y-axis at 3 and is 


а y=3andx=2 horizontal. 
b y--2andx-3 x — 2 cuts the x-axis at 2 and is 


vertical. 


6 Find the point of intersection of each pair of equations by plotting an accurate graph. 
а y=3xandy=2x+3 
b у--3хагду-2х-5 


7 Find the point of intersection of each pair of equations by plotting an accurate graph. 
à ys2x-6andys3x-7 
b у= -2х+3 апа у= 3х – 2 


N {4 


Problem-solving and reasoning 


8 This graph represents the cost of hiring two 2777 А 
different removalist companies to move a 
person's belongings for various distances. 
a Determine the number of kilometres for 20 
which the total cost of the removalists isthe _ 
same. s 209 
Hint: The cost is the same at the ы rg 1500 Removals 
point of intersection. RS 
1000 
b What is the price when the total cost 
is equal? 500 Y 
с Ifa person wanted to move 100 km, which 
company would be cheaper and by how О > 
much? 100 200 300 400 
Distance (km) 


d Ifa person wanted to move 400 km, which 
company would be cheaper and by how 
much? 


9 The pay structures for baking companies A and B are given by the 
following. 

Company A: $20 per hour 

Company B: $45 plus $15 per hour 

a Complete two tables, showing the pay by each company for 
up to 12 hours. 

b Draw a graph of the pay by each company (on the vertical axis) 
versus time, in hours (on the horizontal axis). Draw the graphs 
for both companies on the same set of axes. 

с State the number of hours worked for which the earnings аге 
the same for the two companies. 


d State the amount earned when the earnings are the same for 
the two companies. 
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8E Solving simultaneous equations graphically 521 


10 a Graph these three lines on the same coordinate axes by plotting the axis intercepts for each: 
уш3у-х-41,у-Ї-х. 
b Write the coordinates of the points of intersection. 


c Find the length of each line segment formed between 


the intersection points. 


d What type of triangle is formed by these line segments? 


Hint: Use Pythagoras' theorem to find the 2 


length of a line segment. 


11 The value of two cars is depreciating (i.e. decreasing) at a constant rate according to the 
information in this table. 


Car Initial value Annual depreciation 
Luxury 

sports coupe $70 000 $5000 

Family sedan $50 000 $3000 


Hint: Annual depreciation means how 


much the car’s value goes down by 
each year. 


a Complete two tables showing the value of each car every second year from zero to 


12 years. 


b Draw a graph of the value of each car (on the vertical axis) versus time, in years (on the 
horizontal axis). Draw both graphs on the same set of axes. 
c From the graph, determine the time taken for the cars to have the same value. 


d State the value of the cars when they have the same value. 


Ж Multiple intersections | сеа 


Use a calculator to complete these questions. 


12 On the same axes, plot the graphs of y = 2x, у= 2х+1, у 22x 42 and y 2 2x +3. 
a Are there any points of intersection? 
b Suggest a reason for your answer to part a. 


c Plot the graph of y 2 3x 4 6. 


d Determine the points of intersection of the graphs already drawn and y = 3x 4 6. 


Е 13 On the same axes, plot y=x-1,y=2x-1,y=3x-1landy=4x-1. 
a Are there any points of intersection? 


оо Б 


Suggest a reason for your answer to part а. 
Plot the graph of y= 2x +1. 
Determine the points of intersection of the graphs already drawn and y = 2x + 1. 


This activity is available on the companion website as a printable PDF. 
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1 Solve the following one-step equations. 
a x+12=18 b y-9-8 с 3т-21 d z= 


2 Solve the following equations. 


a 2х-3-15 b 1-2y=9 с Х+4=7 
x-2. 22228 E 
E eee єг f 2-i-3 
3 Solve these equations with brackets. 
a 3x-1)26 b 5(2a43)--45 
с 3(у+4) + 2(2у – 3) = 27 d 4Qx-1)-3(x-2) = 22 


S 
нэ 
С 
0 
9 
Ф 
ы 
Oo 
O 
= 

а. 


4 Write equations for the following and solve for the pronumeral. 

When x is doubled and then 3 is added, the result is 25. 

When 3 is subtracted from x and the answer is divided by 2, the result is 6. 
When 2 is subtracted from x and the answer is multiplied by 3, the result is 12. 
The area of the triangle shown is 16 cm?. 


оо сә 


4 ст 


(х + 2) ст 


5 Solve these equations with variables on both sides. 
аг: 21112 b 9х-4-4х-14 с 3х-4-20-х 


6 Find the value of the unknown in these formulas by substituting the given values. 
a ForA- Lon, find b when A = 28 апал = 14. 


b For s=ut+5ar’, find u when a=2, t=3 and ѕ = 24. 


с For S=2zrh, find л (to one decimal place) when S = 30 and r = 2. 


7 Write each of the following as inequalities. 


a > à b SS 
+ Т T T T T Р-Х XE T T T T T T Р-Х 
-1 0 1 2 3 -3-2-1 0 1 2 
8 Solve the following inequalities and show the solution on a number line. 
a 3x+1<10 р. с 3-2x<13 


3 


9 Find the point of intersection of x+y = 4 and y = 2х+ 1 by sketching accurate graphs on the 
same axes. 


8F Solving simultaneous equations using 


substitution Ж 


e То understand that a solution to a pair of simultaneous equations can be found algebraically 

e Tobe able to use the method of substitution to find a solution to a pair of simultaneous equations 
e To be able to apply the method of substitution to solve simultaneous equations in a real context 
Key vocabulary: substitute, subject, define 


A pair of simultaneous equations is formed when there are two unknown quantities (i.e. variables) and 
two pieces of information relating these quantities. The solution to these simultaneous equations gives the 
variable values that make both equations true. 


In the previous section, the solution was found from the point of intersection of two line graphs. In this 
section, you will learn how to find the solution using the algebraic method of substitution. 


An example of two variables is the cost of a wedding reception and the number of invited guests. Two 
simultaneous equations could be made from two different catering companies. The solution will be the 
number of guests that make the costs equal for the two companies. Using equations helps to accurately 
compare the two deals. 


o Lesson starter: Equations and solutions 


Albert is 11 years older than Jenny and the sum of their ages is 69. What are the ages of Albert and Jenny? 
Here are the steps to solve this problem but they are in the wrong order. Decide on the correct order. 


А x+(x+11) = 69 


2х+ 11 = 69 
2х = 58 
х= 29 


B Let х= Јеппу5 age 
Let у = Albert's age 

C Jenny is 29 years old. 
Albert is 40 years old. 


D x+y=69 
у=х+11 
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СЭ гэс-- SA 


® The algebraic method of substitution is generally used when at least one of the linear equations 
has x or y as the subject; 


e.g. у=3х+4 DELL ELIO х=? 
апа or and or and 
эсде pS 2 ss xc Ax = pas 


8 The method involves: 
e substituting one equation into the other 
* solving for the remaining variable 
* substituting to find the value of the second variable 


8 When problem-solving with simultaneous linear equations, follow these steps. 
Define/describe two unknowns using pronumerals 

Write down two equations using your pronumerals 

Solve the equations using the method of substitution 

Answer the original question in words 


Exercise 8F 


Understanding 


1 Write the missing words to complete each statement. Choose from intersection, substituted, 
simultaneous and substitution. 
a equations involve two equations and two variables. 
b When two equations have been graphed, the x and y values that make both equations true are 
the coordinates of the point of . 
с If x (or y) is replaced with a number, then we have that number for x. 


If x (or y) is replaced with an algebraic expression, then we have that expression for 
x (or y). 


e When we algebraically substitute one equation into another, this is called solving 
simultaneous equations by the method of | 
Hint: In part a, replace уїп2х+у=6 G 


2 Choose the correct option. witht ЭЭД 


a When у= x- 1 is substituted into 2x + y = 6, the result is: 
A 2х+(х-—1)=6 
B 2x-1=6 
б x-1=6 
D 2х-х+1=6 
E 3x=6 
b When y = 2x +3 is substituted into x — 3y = 1, the result is: 
x+3(2x+3)=1 
3(2x+3)=1 
х- 3(2х+3) = 1 
Х-(2х--3)-1 
2x-3=1 


поо о > 
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Fluency 


Example 18 Using the substitution method to solve simultaneous 
equations 


Determine the point of intersection of y = 5x and y=2x+6. 


Solution Explanation 
узэх [1] Label the two equations. 
y=2x+6 [2] 
Substitute [1] into [2]: Explain how you are substituting the equations. 
5x =2x+6 Replace y in the second equation with 5x. 
3x26 Subtract 2x from both sides. 
y=? Divide both sides by 3. 
Substitute x = 2 into [1]: Alternatively, substitute into equation [2]. 
y= 50) Replace x with the number 2. 
02-41) Simplify. 
The point of intersection is (2, 10). Write the solution. 
Check: 10 = 2(2)+6 Substitute your solution into the other equation to 
check. 
Now you try 


Determine the point of intersection of y 2 7x and y=2x+5. 


3 Determine the point of intersection for the following pairs of lines. 


a y=5x b y=3x с y=2x Hint: no 
у= 3х+4 у= 2х- 5 у= 4х+8 2 
d =á = = = 3x+4 
P “ы, I yat 5x=3x+4 
y=-3x+7 у= -5x4+12 y=-2x+16 
Example 19 Solving simultaneous equations with the substitution 
method 
Solve the simultaneous equations y = x +3 and 2x + 3y = 19 using the substitution method; i.e. find 
the point of intersection. 
Solution Explanation 
у=х+3 [1] Label the two equations. 
2x+3y = 19 [2] 
Continued on next page 
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526 Chapter 8 Equations 


Substitute [1] into [2]: Explain how you are substituting the equations. 
2x + 3(x + 3) = 19 Replace y in the second equation with (x + 3). 
2x+3x+9=19 Expand the brackets. 
5x49 = 19 Simplify. 
5x = 10 Subtract 9 from both sides. 
х-2 Divide both sides by 5. 
Substitute x = 2 into [1]: Alternatively, substitute into equation (2). 
y=2+3 Replace x with the number 2. 
p=3 Simplify. 
The point of intersection is (2, 5). Write the solution. 
Check: 2(2) + 3(5) = 19 Substitute your solution into the other equation to 
check. 

Now you try 


Solve the simultaneous equations y = x – 1 and 3x + 2y = -12 using the substitution method; i.e. find 
the point of intersection. 


4 Solve the following pairs of simultaneous equations using Hint: In part a, replace y in the e 
the substitution method; i.e. find the point of intersection. second equation with (x + 3). i 
a y=x+3and2x+3y=19 It is important to use brackets. 
b y=x+2and3x+y=6 y= 
с y=x-land3x+2y=8 
d y=x- 1 апа 3x+ 5y = 27 2x+30)=19 
e y=x+2and2x+3y=-19 ‚о 
f y=x+Sand5x-y=-l 3(x + 3) = 3x49 
g y=x-3and5x-2y=18 
h y=x-4and3x-y=2 
ee 
5 Solve the following pairs of simultaneous equations; Hint: Replace y in the second equation Ч 
i.e. find the point of intersection. with 2. 
у= 2х+4 ys2x-] 2x + 3y = 20 ой 
6 Determine the point of intersection for the following. Hie Replace ЭН 1 
а х-2 b х--3 с х-7 equation with 2. 
3x+2y=14 у= -2х- 4 4x – 3y = 31 KT 
30)+ 2y = 14 
Remember that 3x means 3 x х. 
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7 Solve the following pairs of simultaneous equations 
using the substitution method; i.e. find the 
point of intersection. 
а у-2х-3 
llx-Sy=-14 


ya 3x =2 
7Х--2у- 8 


с y=3x-5 


3x+5y=11 


d y=4x+1 


2x = 3p =—23 


Problem-solving and reasoning 


527 


8F Solving simultaneous equations using substitution 


Hint: Be careful with signs when 
expanding brackets. 
-5х(43)--15 


MESO) 
= 11х— 10x- 15 
When multiplying numbers with 
different signs, the answer is negative. 


8,9 


Jade is 5 years older than Marian. If their combined age is 33, find their ages. 


pronumerals using words. 


The first piece of information is that Jade is 5 years older 
The second piece of information is that their combined 


Substitute m + 5 for j in the second equation. 
Collect any like terms, so m + m = 2m. 
Subtract 5 from both sides. 

Divide both sides by 2. 


Use the first equation, j = m + 5, to find j. 


Solution Explanation 
Let j be Jade's age and m be Define two 
Marian's age. 
j=m+5 [1] 
than Marian. 
j+m=33 [2] 
аде 15 33. 
(т + 5) + т = 33 
2т +5 = 33 
DIES 
т= 14 
р) = озь 5 [1] 
ј= 14+ 5 
= 19 


Jade is 19 years old and Marian 
is 14 years old. 


Now you try 


Answer the original question in words. 


A rectangle’s length is 3 cm more than its width. If its perimeter is 32 cm, determine its dimensions. 
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E 8 Kyeis 5 years older than Viviana. If their combined age 9 


is 81, determine their ages. Hint: First define a pronumeral for Kye's "or 
age and another pronumeral for Viviana's | 
age. Then write two equations before 
solving. 


9 The length of a rectangle is three times the width. If the © 
perimeter of the rectangle is 48 cm, determine its dimensions. Hint: Draw a diagram to help form е 


the perimeter equation. 


10 A vanilla thick shake is $2 more than a fruity twirl. If three m нэ | 2 
vanilla thick shakes and five fruity twirls cost $30, determine ын Чаны Dieta БА ШӘ 


their individual prices. 


11 Carlos is 3 more than twice Ella's age. If the sum of their ages is 54 years, determine their ages. 


Ж Rentals 


12 The given graph represents the rental cost of a new car from two car rental firms called Paul's Motor 
Mart and Joe’s Car Rental. 


280 4 Joe’s (1000, 260) 
260 - 
Paul’s 
(1000, 250) 


Cost ($) 


T T T T T T D» 
600 800 1000 1200 


0 200 400 
Distance driven (km) 


a Determine: 
i the initial rental cost from each company 
ii the cost per kilometre when renting from each company 
iii the linear equations for the total cost from each company 
iv the number of kilometres at which the total cost is the same for both rental firms, using the 
method of substitution. 
b Describe when you would use Joe’s or Paul's rental firm. 
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8G Solving simultaneous equations 


using elimination * 


e To be able to use the method of elimination to find a solution to a pair of simultaneous equations 
e То be able to apply the method of elimination to solve simultaneous equations in a real context 
Key vocabulary: elimination, simultaneous, multiple 


A second method for solving simultaneous equations, called 
elimination, can sometimes be more efficient, depending on how 
the equations are structured in the first place. 

When setting up equations for real situations, we should 
define the unknown quantities using pronumerals. When solving 
simultaneous linear equations there should be only two unknown 
quantities for two equations formed from the given information. 


For example, two related variables are the cost of owning a car 
and the number of kilometres driven. For two different cars, 
two equations could be made relating these variables. The simultaneous solution gives the number of 
kilometres that makes the total running costs of each car equal. Solving simultaneous equations provides 
information for an accurate comparison of costs between two vehicles. 


o Lesson starter: Eliminating a variable 


One step in the elimination method involves adding or subtracting two equations in order to 

eliminate one of the variables. When adding, we write [1] + [2]; when subtracting, we write [1] — [2]. 

e A student has either added or subtracted pairs of equations, but has many incorrect answers. 

e Determine which answers are incorrect and write the correct answer for these. (Note: Do not solve the 
equations for x or y.) 
A 5x+3y=34 [1] 


B 3x+2y=18 [1] C 3x-3y-9 Ш 


7х-= Зу = 26 [2] 2х-2у=2 [2] 2x-3y=4 [2] 
[1] + [2] gives: [1] + [2] gives: [1] - [2] gives: 
12х + 0 = 60 5x — 4y = 20 5х+0=5 

D 2х-2у=8 [l] 4x+3y=16 [1] 3x+2y=25 [1] 
4x-2y=24 [2] -4х-2у-3 [2] 2x+2y=18 [2] 
[1] - [2] gives: [1] + [2] gives: [1] - [2] gives: 
2x—-4yz 16 0-у-19 x+0=43 

G 5х+3у= 31 [l] х+3у= 15 [l] 7х-у-5 [1] 
5х- 3у= 19 [2] х+2у= 12 [2] 3x-y=-2 [2] 
[1] + [2] gives: [1] - [2] gives: [1] - [2] gives: 
040212 2х+у=3 4x=3 


@ Elimination is generally used to solve simultaneous equations when both equations are 
in the form ax + by = d. 


Qo. 2r = у =@ О) = 0 
апа or and 
3x+y=10 (02848 о = 
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8 Adding or subtracting multiples of these two equations allows one of the variables to 


be eliminated. 

e Add x-y- 10 and 3x+ у = 34 to eliminate y. 

e Subtract 5x - 2y = 7 and 5х+ y = 6 to eliminate the x. 

* Form a matching pair by multiplying by a chosen factor. 
Lonexample === Е dc 


Уан 299 = I = Sua 2p» 


8 When problem-solving with simultaneous linear equations, follow these steps. 


e Define/describe two variables using letters. 

* Write down two equations using your variables. 

* Solve the equations using the method of elimination. 
* Answer the original question in words. 


Exercise 8G 


Understanding 1-3 


What operation (i.e. + or —) will make these equations true? 
a 2x 2x 20 b -3у 3у-0 с 4x (74x) = 0 


Multiply both sides of the equation 3x — 2y = —1 by the following numbers. Write the new equations. 
a 2 b 3 c 4 


Choose the correct option. 
a When 2x+y=3 is added to 5x — у = 11 the result is: 


A 7x=11 B 7x=14 C 3x=14 D 3x=1 E 7х-8 
b When x+y = 5 is subtracted from 3x + y = 7 the result is: 
A 2x=7 В 4х-2 С 4х-12 D х-2 E 2х-2 


Fluency 


Example 21 Eliminating a variable by addition of equations then solving 


Add equation [1] to equation [2] and then solve for x and y. 


x+2y=10 [1] 

х-2у-2 [2] 
Solution Explanation 
x+2y=10 [1] Copy equations with the labels [1] and [2]. 
х-2у-2 [2] 
[1] + [2] gives: Write the instruction to add: [1] + [2]. 
2x+0=12 Add the x column: x+ x = 2x. 

2x%= 12 Add the y column: 2y + (—2y) = 0. 
sem Add the RHS: 10 + 2 = 12 and then divide both sides by 2. 
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Substitute x = 6 into [1]: 
64-2y = 10 
2y=4 
y=2 
Solution is (6, 2). 
Check: 
Ї | 56—25€222, true 


Now you try 


8G Solving simultaneous equations using elimination 


531 


In equation [1], replace x with 6. Equation [2] could also 


have been used. 
Subtract 6 from both sides. 
Divide both sides by 2. 


Write the solution as an ordered pair. 


Check that the solution satisfies equation [2]. 


Add equation [1] to equation [2] then solve for x and y. 


3х+у= 11 [1] 
х= pHs [2] 


4 Copy each pair of equations, add equation [1] to [2], 


then solve for x and y. Hint: ям 
а х+у=7 [1] b x+2y=11 11 ш 
х=ў=5 [D] х-2у=-—5 [2] £ TT 
[1] + [2] [1] + [2] BE E 21 
с 3х-2у-20 [1] 201 0—15 
-3х+у= 1 [2] Remember that 
[1] + р] yu сууу) 


5 Copy each pair of equations, subtract equation [2] from 


equation [1] and then solve for x and y, showing all steps. 
b 3x+5y=49 [1] 


a 2x+y=16 [1] 


Hint: 
Subtracting equations: 


[1]- [2] 


х+у=9 [2] 3х+2у=25 [2] T [1] 
ИРЭГ 115121 = [2] 
с 5х-4у-16 [Il] 340-212 
2x-4y=4 [2] Remember that 
[1]==[2] -2y— (—2у) 
=—2y+2y=0 


6 Determine the point of intersection of the following lines, 


using the elimination method. 
a х+у=7апа 5х- у = 5 
b х+у= 5 апа 3х- у= 3 
с х-у=2 апа 2х+у = 10 
d х-у= 0 апа 4х+у = 10 


7 Solve the following pairs of simultaneous equations, using the 
elimination method. You will need to subtract the equations to 


eliminate one of the variables. 
a 3х-4у-7 


2х+4у = 6 
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b 4х-3у-11 
x+3y=5 
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с 2х+3у= 1 
2х+ 5у = -1 


Hint: Label the two equations, опе 

under the other, and decide whether to 
eliminate x or у; i.e. eliminate whichever 
variable has the same number in each 
equation. 

Remember that +y + (~y) = 0. 

The point of intersection is the same 

as the simultaneous solution of the 
equations. 


Hint: Always label the equations and 
write the instruction; e.g. [1] — [2] 
ОГЛ ii: 
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8G) Example 22 Forming a matching pair 


Determine the point of intersection of the lines x+ y = 6 and 3x + 2y = 14, using the 
elimination method. 


Solution Explanation 

х-у-6 [1] Label the two equations and decide where to form а 
0 [2] matching pair. 

525 Beeb Zip m 120 [3] 

ЇЕ 3x42y-14 [2] 

B= Bk Subtract the two equations because 2y — 2y = 0, 


х=? 
Substitute x = 2 into [1]: 
2 
у=4 
Point of intersection is (2, 4). 


Check: 3(2) + 2(4) = 14 


Now you try 


3x — 25 =~ andil4—12—2 
Alternatively, substitute into equation [2]. 
Replace x with the number 2. 

Subtract 2 from both sides. 

Write the solution as an ordered pair. 


Check that the solution satisfies the other equation. 


Determine the point of intersection of the lines x + у = 4 and 5x + 2y = 11, using the 


elimination method. 


8 Solve these simultaneous equations by first forming a 


matching pair. 


a х-3у-1 b 4х- 2y = 10 с 3х-4у-19 Hint: Multiply one equation by a number 9 
x+3y=10 Х-3у-2 


Example 23 Forming a matching pair by multiplying both equations 


Solve the simultaneous equations 3x + 2y = 6 and 5x + 3y = 11, using the elimination method. 


2x+y=9 


Solution 


to form a matching pair. 


3x+2y=6 
spect 3p = 1171 
ПЕЕ 9х--бу- 18 
[2125 10x +6y= 22 


[4] - [3]: х-4 
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[1] 
[2] 
[3] 
[4] 


Explanation 
Label the two equations and decide whether to 
eliminate x or y. 
Multiplying the first equation by 3 and the 
second by 2 results in a matching pair 6y in each 
equation. 
Subtract the equations since 6y — 6y = 0. 
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Substitute x = 4 into [1]: 


3(4) +2y =6 
22-40 
p= 


Solution is (4, —3). 
Check: 5(4) + 3(-3) = 11 


Now you try 


Alternatively, substitute into equation [2]. 
Replace x with the number 4. 

Subtract 12 from both sides, since 3 x 4 = 12. 
Divide both sides by 2. 


Write the solution as an ordered pair. 


Check the solution with the other equation. 


Solve the simultaneous equations 5x + 3y = 1 and 2x + 5y = 8, using the elimination method. 


9 Solve the following pairs of simultaneous equations, 


using the elimination method. 
a 3x+2y=6and 5x+3y=11 
b 3х+2у= 5 and 2х+3у = 5 


Hint: When multiplying an equation by 
a number, multiply every term on the 
LHS and RHS by that number. Always 
write the instruction for multiplying; e.g. 


с 2x+y=4and 5х+2у = 10 [2] x 4. 
d 2x+5y=7andx+3y=4 
10 Solve the following pairs of simultaneous equations, 155) 
using the elimination method. Hint: Choose to eliminate x or y. The Ф 
a 3х-5у-8 b 2x+y=10 coefficients need to be the same size 
(with + or —); e.g. —4x and 4x or —5y 
х-2у--1 3х-2у-8 and 5y. Choose to add or subtract the 
с 4х-3у-0 equations to eliminate one variable. 
3x+4y = 25 


11 Solve the following pairs of simultaneous equations. 


a 5х+3у = 18 and3y—-x=0 
с 2х+7у = -25 апа 5х+7у = –31 
е 4х- 5у = –14 апа 7х+у  -5 


b 3x-y=13andx+y=-9 
d 2x+6y=6and 3x- 2y = -2 
1 7x-3y=4l1and3x-y=17 


Problem-solving and reasoning 12-15 


Example 24 Solving word problems with simultaneous equations 
(elimination) 


Kathy is older than Blake. The sum of their ages is 17 years and the difference is 5 years. Find Kathy 


and Вїаке5 ages. 


Solution 


Explanation 


Let k be Kathy's age and b be Blake's age. 
k+b=17 [1] 


== 5 [2] 
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Define two variables. 


The first piece of information is ‘the sum of their 
ages is 17’. 


The second is ‘the difference is 5 and Kathy is 
older than Blake’. 


Continued on next page 
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MLE 2k=22 
fee qul 
Substitute A= 11 into[1]; 3114-5217 


b=6 


Kathy is 11 years old and Blake is 6. 


Now you try 


Add the two equations to eliminate b ог, 


alternatively, subtract to eliminate k. 


Alternatively, substitute into [2]. 
Subtract 11 from both sides. 


Answer the original question in words. 


The sum of two numbers is 97 and their difference is 13. Find the two numbers. 


12 Ayden is older than Tamara. The sum of their ages is 56 years and the difference is 16 years. 
Use simultaneous equations to find Ayden and Tamara's ages. 


Example 25 Problem solving with simultaneous equations 


Reese purchases three daffodils and five petunias from the local nursery and the cost is $25. 


Giuliana buys four daffodils and three petunias and the cost is $26. 


Determine the cost of each type of flower. 


Solution 


Explanation 


Let $d be the cost of a daffodil and 
$p be the cost of a petunia. 


22-12 [1] 
44-3р-26 (2| 
[1] x 4: 12d + 20p = 100 [3] 
[@ 13 DOO US [4] 
[3] - [4]: 115p 22 
IDE? 


Substitute p = 2 into [1]: 
3d + 5(2) = 25 
3d + 10 = 25 
== 15 
а-5 
Check: 4(5) + 3(2) = 26 


Daffodils cost $5 and petunias cost $2 each. 


Now you try 


Define your variables. 


Three daffodils and five petunias from the local 


nursery cost $25. 


Four daffodils and three petunias cost $26. 


Multiply [1] by 4 and [2] by 3 to obtain a 


matching pair (12d and 12d). 


Subtract the equations to eliminate d. 
Divide both sides by 2. 


Alternatively, substitute into [2]. 
Replace p with the number 2. 
Simplify. 

Subtract 10 from both sides. 
Divide both sides by 3. 


Check your solutions by substituting into the 


second equation. 


Answer the question in words. 


Jess purchases 4 buckets of chips and 3 drinks for $23.50, while Nigel purchases 3 buckets of chips 
and 4 drinks for $22. Find the price of a bucket of chips and a drink. 
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13 


14 


15 


16 


17 


A market stall sells two fruit packs: 

Pack 1: 10 apples and 5 mangoes ($12.50) 

Pack 2: 15 apples and 4 mangoes ($13.50) 

а Define two pronumerals and set up a pair of linear 
equations to eventually find the cost of 
each fruit. 

b Solve the two simultaneous equations to determine the 
individual prices of each piece of fruit. 


с Determine the cost of one apple and five mangoes. 


Tickets to a basketball game cost $3 for children and 

$7 for adults. If 5000 people attended the game and the Hint: What you are being asked to find is 
total takings at the door was $25 000, determine the цаасыг цг 
number of children and adults who attended the game. 


: : : | Hint: Total marks is 50. 
A Maths test contains multiple-choice questions worth hamber of qaestions 


2 marks each and short-answer questions worth 3 marks is 22. 

each. The test is out of 50 marks and there are 22 questions. 

a Define two pronumerals to represent the number of each question type. 

b Set up two linear equations. 

€ Solve the two equations simultaneously to determine the number of multiple-choice questions. 


Let x and y be two numbers that satisfy the following statements. Set up two linear equations according 
to the information and solve them simultaneously to determine the numbers in 

each case. 

a Their sum is 16 but their difference is 2. 

b Their sum is 30 but their difference is 10. 

с Twice the larger number plus the smaller is 12 and their sum is 7. 


Find the value of x and y in the following rectangles. You will need to write two equations and solve 
using the elimination method. 


a x+2y b 6 Hint: Opposite sides of rectangles are v 
equal. 
sf duty | еэ» 
5 4x — y 
18 Gordon is currently 31 years older than his daughter. In 30 years' time he will be twice his 
daughter's age. Using g for Gordon's current age and d for Gordon's daughter's current age, 
complete the following. 
a Write down expressions for: 
i Gordon's age in 30 years’ time ii Gordon's daughter's age in 30 years’ time 
b Write down two linear equations, using the information at the start. 
с Solve the equations to find the current ages of Gordon and his daughter. 
Ж Using technology 
Н 19 Use technology to solve these simultaneous equations. 
a 3x+2y=6and 5x+3y=11 b 3х+2у = 5 апа 2x+3y=5 
с 4х – 3у = 0 апа 3х + 4y = 25 d 2х+3у = 10 and 3x - 4y = -2 
e –2у – 4х = 0 апа 3y + 2х = -2 f -—7x+3y = 22 and 3x — 6y = -11 
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536 Chapter 8 Equations 


Maths@Work: Nurse 


Nursing is a career that is both challenging and 
rewarding. It requires a person to be caring 
and empathetic. Good communication skills, as 
well as an understanding of mathematics and 
science, are also important. 


Nurses need to be competent in many 
mathematical areas, including fractions, ratios, 
converting units of measurement and equations. 
They must be able to calculate medical dosages, 
substitute into equations and also know how to 
program the correct flow rate for intravenous 
(IV) drips. 


Complete these questions that are typical of a nurse’s job administering medication. 
1 Use these formulas to answer each of the following questions. 
strength needed 


Volume required - x volume of stock solution 


strength in stock m 
5 a - y’ 
Е strength required Hint: For 100 mg in 2 mL, need 75 mg | 
шо strength per tablet in stock шин 


a What volume, in mL, of Pethidine should be given if the patient is prescribed 75 mg and the 
existing stock contains 100 mg in 2 mL? 

b Calculate the volume, in mL, of insulin that is required for a patient who has been prescribed 
60 units of the drug, if the stock is 100 units/1 mL. 

с Pethidine 50 mg has been ordered to alleviate a patient's pain. The stock strength is 75 mg/1.5 mL. 
How much Pethidine should be given? 

d How many tablets does a nurse need to give for a prescription of 500 mg of amoxicillin per day, if 
the stock available in the ward is 250 mg per capsule? 

e How many tablets are needed for a dosage of 125 mg, if the stock available is labelled 25 mg 
per tablet? 
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Maths@work: Nurse 537 


2 Paediatrics is a branch of medicine dealing with young children. Different formulas are used to 
calculate the doses suitable for children. Apply the rules given below to complete the following 
calculations and state each answer to the nearest mg. 


Clarke’s body weight rule: 


TT 2 weight of child (kg) 
Child’s dose TE mE e ТИЙН х adult dose 
Clarke's body surface area rule: m aig — рт 
11:21:22 surface area of child (m?) 
average adult surface area (1.7 m?) 


x adult dose 


E —12.504* pa эс 
Fried's rule (used for infants under 1 year old): IM Tu 12 | 


Child's dose = age in months x adult dose 


Young's rule (used for children aged 2 to 12 years): 


Child's dose = 2846 in years „ adult dose 
age + 12 


a Use Young's rule to calculate the Amoxil dose needed for a 10-year-old boy, if the adult dose of the 
drug Amoxil is 250 mg. 


b Use Clarke's body weight rule to find a child's dose for the drug Ampicillin, given the child's weight 
is 15 kg and an adult's dose is 500 mg. 


с Use Fried’s rule to calculate the dose required for an 8-month-old baby girl for the drug 
amoxicillan, given that an adult's dose is 500 mg. 


d Use Clarke's body surface area formula to find the | Е » e 
dose of penicillin, in mg, required for a child whose surface хаа 1 шу = ПОШЫП 
area is 8000 cm?, given that the adult dose is 1 gram. 


3 Drugs that are given with an intravenous (IV) drip use a different set of equations to calculate the time 
needed or the drop rate per minute. 


Time (in minutes) = -—Yolume (mL) 


~ flow rate (drops/min) шр 


Flow rate (drops/minute) = Volume (mL) „п, factor 


time (mins) 


Use the equations above to answer these questions about IV drug dosage. The drip factor is in 
drops/mL. State all answers rounded to one decimal place. 


а Find the flow rate, in drops per minute, when a - litre 9 


bag of saline solution is run over 4 hours with the IV machine ао TUR 


set at a drip factor of 20 drops per mL. 


b An IV drip of saline solution started at 4:15 p.m. Tuesday. The machine has 700 mL to run and is set 
at 40 drops/min with a drip factor of 18 drops per mL. At what time will the IV be finished? 


c How long will it take 180 mL of zero negative blood to flow through an IV at 36 drops/minute 
when the blood supply machine is set at a drip factor of 15 drops/mL? 
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538 Chapter 8 Equations 


Using technology 


4 Set up this Excel worksheet to calculate the ending times of intravenous drips for various patients. You 
will need to copy the given data and enter formulas into the shaded cells. 


A B C D E F G 
1 — oa Intravenous drip administration — — 1 
2 IV bag IV machine settings | Я Times р 
" | 1 а : Time in 
Total Flow ratein | Drip factor P Time in ? 
= Starting : hours апа) Ending 
volume in drops per drops per s minutes А ў 
à time minutes | time 
mL minute mL for IV 
3 | for IV 
4 70 | 40 | 18 | 4:15PM | | 
S| 500 36 | 16  |10:00AM | | 
6 — s0 | 30 | 24 | 2:25PM | | 
7 1500 | 40 | 20 | 6:00PM | 
3) 200 | 45 | 22 2:00АМ | 
Hint: - 


* Format starting and ending times 
as Number Category: Custom, Type: 
h:mm AM/PM. 

e То calculate time in hours and 
minutes, divide the time in minutes 
by the number of minutes in 24 
hours, and format cells as Number 
Category: Custom and Type: h:mm. 
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Modelling Activity 539 


Movie theatre pricing 


A small boutique movie theatre is opening soon and will be publishing adult and child ticket prices on 
its website. After some analysis, the owner decides to make the following assumptions: 
e The sum of the cost of a child ticket and an adult ticket will be $30 


e 40 children and 25 adults are expected to attend each evening. 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Modelling 


Preliminary task 


a If the cost of a child movie ticket is $6, find the cost of an adult ticket. 

b Find the revenue (total amount earned) for the movie theatre on one particular evening using 
the assumption that 40 children and 25 adults attend and a child ticket is $6. 

€ Solve the following simultaneous equations. 
Use the elimination method, or rewrite the first equation and use the substitution method. 


a+c=30 
25a+40c = 855 


Modelling task 
The problem is to determine a suitable price for the adult and child tickets to achieve a revenue of at 
least $1000. 
a Write down all the relevant information that will help solve this problem. 
b Using $a for the cost of an adult ticket and $c for the cost of a child ticket. 
Determine the equations for, 
i Тһе sum of the cost of a child ticket and an adult ticket will be $30. 
ii The Revenue ($R) if 40 children and 25 adults attend on one particular evening. 
iii If the total revenue, R, for the evening is $900, substitute this into the equation above to 
form a new equation, relating a and c. 


Formulate 


Solve 


€ Solve the two simultaneous equations in part a to find the cost of one adult ticket and one child 
ticket. 

d By changing the value of R in the equation for revenue in part b ii, solve two simultaneous 
equations, and, find the cost of an Adult ticket and a Child ticket if the Revenue is; 
i $825 ii $960 Ш $984 iv $1086 

e Explore the following special cases for the total revenue earned and decide if they represent 
reasonable pricing structures. Write a sentence detailing if you think that each Revenue results in 
a good pricing structure. 
192975 ii $765 


Evaluate 


f Explore the possibility of the Revenue being $1200 based on the assumptions made by the and 
company. Explain why you reached your conclusion veny 
9 1 it reasonable for the company to assume they can earn over $1000 each evening with their 
other assumptions? 
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Communicate 


Summarise your results by completing a table such as the one below. 


Equation 1 Equation 2 
Revenue $R Adult ticket price Child Ticket price 
900 
825 
960 


Extension question 


a Consider using an online graphing tool, such as Demos or Geogebra, to show how graphs can 
be used to solve the problem replacing the a with x and the c with y. 

b If the sum of the cost of a child ticket and an adult ticket is changed to $40, do you think it would 
be reasonable to expect that more than $1000 revenue can be earned each evening? Explain your 
choices and calculations to justify your answer. 
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Puzzles and games 541 


1 The answers to these equations will form a magic square, where each row, column and diagonal 
will add to the same number. Draw a 4 by 4 square for your answers and check that they do make 
a magic square. 


oar ths) 0 


3(х+4) = x414 


х+7=4х+10 (she = 12) = 5 = 1 


ѕәшеб pue ѕәј22па 


YS = 39) S aes Il Sot4- ЭШ — shes = 


2 Write an equation and solve it to help you find each unknown number in these puzzles. 
Three-quarters of a number plus 16 is equal to 64. 
A number is increased by 6, then that answer is doubled and the result is four more than triple 
the number. 
The average of a number and its triple is equal to 58.6. 
In 4 years’ time, Ahmed's age will be double the age he was 7 years ago. How old is 
Ahmed now? 


By applying at least two operations to x, write three different equations so that each equation has 
the solution x = —2. Verify that x = —2 makes each equation true. 
For example, 3 х (—2) + 10 = 4, so one possible equation would be 3x + 10 = 4. 


4 Write two sets of simultaneous equations so that each pair has the solution (3, —2). 


542 Chapter 8 Equations 


Which Australian city has its centre on the intersection of the Warrego Highway and the New 
England Highway? 


To decode this puzzle, solve the inequalities and simultaneous equations below, and match 
them to a number line or graph. Place the corresponding letters above the matching numbers 
to find the answer. 


Wo2-3x 8 


Атга! 


Бэ 


Solve these simultaneous equations and match the solution to a graph (4-6). 


М 3x >y=7 0207-2001 т cl 


Puzzles and games 


Jules and Enzo are participating in a long-distance bike race. Jules rides at 18 km/h and has a 
2 hour head start. Enzo travels at 26 km/h. 

a How long does it take for Enzo to catch up to Jules? (Use: Distance = speed x time.) 

b How far did they both ride before Enzo caught up to Jules? 


Emily travelled a distance of 138 km by jogging for 2 hours and cycling for 5 hours. She could 
have travelled the same distance by jogging for 4 hours and cycling for 4 hours. Find the speed 
at which she was jogging and the speed at which she was cycling. 


Solving linear equations that 
have brackets sr 
e Expand all brackets. 
* Collect like terms on each side 
of the equation. 
* Collect terms with a pronumeral 
to one side (usually the LHS). 
e Solve for unknown. 
e.g. 
12(x+ 1) - 2(3x - 3) = 4(x + 10) 
12x+ 12 — 6x4- 6 = 4x + 40 
6x+ 18 = 4x--40 
2x+ 18 = 40 
2x= 22 
х= 11 


Solving word problems 


1 Define variable(s). 

2 Set up equation(s). 

3 Solve equation(s). 

4 Check each answer and write in words. 


Formulas 
Some common formulas 
e.g. А= nr?, C= 2nr 
An unknown value can be found by substituting 
values for the other variables. 
A formula can be rearranged to make a 
different variable the subject; i.e. the variable is 
out the front on its own. 
e.g. E= mc?, find m when E= 320 and c — 4. 
320 = m x 4? (substitute values) 
320 -16m 
20 = m (divide both sides by 16) 
m — 20 (Write the answer with m on the left.) 


Solving linear equations 
Solving involves finding 
the value that makes an 
equation true. 
e.g. 2x+5=9 
2x = 4 (subtract 5) 
X = 2 (divide by 2) 


543 


Chapter summary 


Equations with fractions .. 
8.0. 
3 
Т-2-7 
3X — 9 (first + 2 to both sides) 
3x = 36 (x 4 both sides) 
х= 12 (+ 3 both sides) 
e.g. 


2x-5 _ 
== =7 


2x — 5 = 21 (first x3 to both sides) 
2x = 26 (+5 to both sides) 
X= 13 (+2 to both sides) 


Graphical solutions of 
simultaneous equations 
Graph each line and read 
off point of intersection. 


Алешипѕ 4o91deu5 


Parallel lines have no 
intersection 
point. 


Simultaneous equations = 
Use substitution or elimination to find the 


Inequalities solution that satisfies two equations. 


These are represented using >, <, >, < 
rather than =. 
e.g. x>2 г-2 not included 
Y 
»X 


ЖОШ 
г-2 is included 
Y 


eo 
T T L—»-X 


=| @ 9 Л 
Solving inequalities uses the same steps as 
solving equations, except when multiplying 
or dividing by a negative number. In this 
case, the inequality sign must be reversed. 
e.g. 4 —2x> 10 (-4) 

—2x > 6 (+ —2) 
X < —3 (reverse sign) 


SIE 
e.g. X22 


< 


Substitution 
e.g. 2x- у= 12 
у=х+3 


[1] 
[2] 


In [1] replace y with [2]: 
2Х--(Х--3)-12 
3x+3=12 
=k 
X= 
Sub. x= 3 to find y. 
In [2] у=3+3=6 
Solution is (3, 6). 


Elimination 
Ensure both equations 
have a matching pair. 
Add two equations if 
matching pair has 
different sign; subtract 
if same sign. 
e.g. X+2y=2 [1] 
2х+3у=5 [2] 
[1] х2: 2x+4y=4 [3] 
[3] [2]: yz-i 
In 1]: x-2(-1)22 
Х-2-2 
Med 
Solution is (4, —1). 


544 Chapter 8 Equations 


4 Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


1 I can solve simple linear equations. 
e.g. Solve these linear equations. 


a 2il iB x44212 


| can set up and solve worded problems using linear equations. 
e.g. 5 less than twice a number is equal to 31. Find the number. 


N 


| can solve equations with brackets. 
e.g. Solve 3(x — 2) = 21. 


Ө 
ao 
” 


| can solve equations with variables on both sides. 
e.g. Solve 5x — 2 = 3x + 6. 


Ө 
o 
= 


| can solve equations with fractions. 
e.g. Solve х=! ze. 


B 
ao 
c 


| can set up and solve an equation with brackets from a real situation. 
e.g. Find the value of x if the area of this triangle is 32 m?. 


Q 
o 
©› 


4m 


(x-2)m 


7 I can substitute into a formula and solve for a variable. 
e.g. If 4 = 1 (a+ b) and A = 20, = 4 and b = 3 find the value of a. 


| can illustrate an inequality on a number line. 
e.g. Represent x > —2 on a number line. 


9 I can solve a simple inequality. 
e.g. Solve 3x — 2 > 7. 


со 


= 
© 


| can solve an inequality when the ргопитега! has a negative coefficient. 
e.g. Solve 6 — 3x > 18. 


= 
- 


| can find an intersection point of two linear relations which represents the 
solution to a pair of simultaneous equations. 

e.g. Find the point of intersection (x, у) of these equations by plotting a graph. 

y=4x -9and2x+y=3 
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“| 
12 1сап use the method of substitution to find the solution to a pair of 
simultaneous equations. 
e.g. Solve the simultaneous equations y = x — 2 and 2x + 3y = —1 using the substitution method; 
i.e. find the point of intersection. 


13 І сап use the method of substitution to find a solution to a real problem 
involving simultaneous equations. 
e.g. Jonah is 9 years older then Penny and their combined ages is 47. Find their ages. 


simultaneous equations. 
e.g. Solve the simultaneous equations x + у = 1 and 4x + 3y = 5 using the elimination method. 


15 I can use the method of elimination to find a solution to а real problem 
involving simultaneous equations. 
e.g. Jill buys 5 pens and 2 pencils from her favourite store for $13, while Michael buys 4 pens and 3 
pencils from the same store for $12.50. Find the cost of a pen and a pencil from this store. 


© 14 1сап use the method of elimination to find the solution to a pair of 
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Short-answer questions 


84 1 Solve the following. 


a 4a=32 b =ч с x+9=1 
4 х+х=16 е 9т-0 f w-6=9 
g 8m--1.6 h а=! i r-3=3 


8A 2 Find the solution to the following. 


a 2т-7-11 b 3w-6=18 с 2158 
SW. a. m-6. 3m42 _ 
d | 3-7 Bt -4 Ї с = 1 
g ба-9-0 h 4-х-3 i 9=x+6 


5 
.Ф 
> 
Ф 
мы 
мы 
Ф 
ү" 
Q. 
(0 
«С 
О 


88 3 Solve the following by first expanding the brackets. 

a 3(m+1)=12 b 4(a-3)-16 c о 5(2+х)=30 
d 4Qx41)-16 e 2m-3)-9 f 2(1+4x)=9 
g 2(2х+3) +3(5х- 1) 241 h 3(2х+4) – 4(х-7) = 56 


88 4 Find the value of p in the following. 
a 7р-5р-8 b 2p=12-p с бр+9 = 5р 
Ж d 2p+10=p+8 e 3р-1-0-9 f 4р-8-р-2 


81 5 Write an equation for the following and then solve it. 

Six times a number equals 420. What is the number? 

Eight more than a number equals 5. What is the number? 

A number divided by 9 gives 12. What is the number? 

Seven more than a number gives 3. What is the number? 
The sum of a number and 2.3 equals 7. What is the number? 


т с со ao 


8 ба For 4 - 4b, find b when A = 24 and Л = 6. 
b For V = lwh, find w when V = 84, L= 6 andh=4. 
с For 4 = 257, find x when A = 3.2 and у = 4. 


For E = mc?, find m when E = 40 and c =2. 


For F=2C +32, find C when F = 95. 


o с 


80 7 Write the inequality displayed on each of the following number lines. 


[^ — — — M 
а X T T T T T T T T T T T > m 
-4 -2 0 2 4 6 
р < o 
X T T T T T T T T T > [1 
-1 0 1 
с t 
X T T T T T T T T » xX 
-2 0 2 4 
0------г-ггг-0395 
d є Т Т Т Т T T » X 
0 1 2 3 4 5 
<O 
е X T T T T T T T T » X 
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80 8 Solve the following. 


Chapter review 


547 


a х-82-10 b 2m«7 с 2x+6>10 С) 
X 
d x-3<0 e 4*153 Í m-624 рээ x 
Q) 
80 9 Solve the following. о 
а —6х<12 b 8-х< 10 с -x>0 Ф 
-— 
8E 10 Determine the point of intersection of the following lines. ва 
а у b y с у Ф 
A < 
3 
(1,2) Ф 
О X 0 2 » X О > X > 


8E/F 11 Find the point of intersection (x, y) of the following by plotting an accurate graph. 
* а у-2х-4 b y=2 с y=3x 
3x+y=9 x=3 у= -3х 


8F 12 Solve the simultaneous equations using the substitution method; i.e. find the point 

of intersection. 

а y=5x- 13 
2x + 3y = 12 


b у=-1 
уз2х-11 


86 13 Determine the point of intersection of the following lines, using the elimination method. 
d 2х-7у--25 b 3x+2y=8 


5x+7y=-31 х-2у-0 


14 The sum of two numbers is 15 and their difference is 7. Use simultaneous equations to find the two 


B 


numbers. 


15 A money box contains 20 cent and 50 cent coins. The 
amount in the money box is $50 and there are 160 coins. 
a Define two variables and set up a pair of linear 
equations. 
b Solve the two simultaneous equations to determine 
the number of 20 cent and 50 cent coins. 


8F 16 There are twice as many adults as children at a local grand final football match. It costs $10 for adults 
d and $2 for children to attend the match. If the football club collected $1100 at the entrance gates, how 
many children went to see the match? 
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8A 


8B 


8A 


5 
.Ф 
2 
Ф 
i 
мы 
Ф 
ү" 
О. 
(0 
да 
О 


80 


88 


8Е 


* 
* 


Multiple-choice questions 


1 The solution to x +7 = 9 is: 
A х-16 B x--2 C x22 D х-1 E х--16 


2 To solve the equation 3(2x + 4) — 4(х + 2) = 6, you would first: 
A divide both sides by 12 B expand the brackets 
C subtract 6 from both sides D multiply both sides by 6 
E add 4(x +2) to both sides 


3 Anumber is increased by 6 and then doubled. The result is 36. This translates to: 
A 6x+2=36 B 2х-6-36 С 2(х+6) = 36 
D 2(х-6)= 36 E x+12=36 


4 If 4a — 6 = 2a, then a equals: 
A -1 B 1 C 6 D 3 E--=3 


5 x<4isa solution to: 


A х+1<3 B 3х-1<11 c a 
D x-121 E -x<-4 
6 Which number line shows x +4 < 6? 
A e > X B Sn SE =т=т = = X 
-2 0 2 -2 0 2 4 
C -< T T T T Т »- X D со Т Т Т T Т Т г-ЭР-Х 
-2 0 2 -2 0 2 4 
о- > 
- X T T T T T » xy 
3 2-1 0 1 
7 The solution to a —4-lis: 
A х-6 B x--9 C x-2-5 D х-9 E x=5 


8 If two lines are not parallel, the number of intersection points they will have is: 
А 0 B 1 С 2 D 3 E 4 


9 The intersection point for the graphs of y = 2 and x = 3 is: 
A (-1,2) B (2,2) 0 (3,2) D (3,3) E (2,3) 


10 The solution to 3(x — 1) = 12 is: 
A х--1 B x-2 0 х-0 D x=5 E x=4 


11 y = 3x and x+ y = 4 has the solution: 
A (1,3) B (3,1) С (2,6) D (2,2) E (-1,5) 
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Chapter review 549 


8F 12 Substituting y 2 x – 1 into x + 2y = 3 gives: 
А x-2x-2=3 B x+2y-2=3 C x-x-123 
Ж D x+2x-1=3 E x+2(x-1)=3 


14еёчэ 


86 13 Adding x + y 23 to x — y = 4 gives: 
Á А 2x-2y=7 B 2х-7 C х-7 D у-7 E 2у-7 


Extended-response questions 


1 All the lines meet at 90? in this shape. 
a Determine the equation of its perimeter, P. 


(D 
- 
= 
Ф 
= 
Ф 
= 


b i If the perimeter is 128 cm, determine the (х + 5) ст 
value of х. (x — 2) cm 
ii Find the actual side lengths. 
c Repeat part b for perimeters of: (Ох 7) cm 
i 152 ст ii 224 cm 


2 Two computer consultants have an up-front fee plus an hourly rate. Rhys charges $50 plus $70 per 

hour, whereas Agnes charges $100 plus $60 per hour. 

a Using $C for the cost and / hours for the time, write a rule for the cost of hiring: 

i Rhys ii Agnes 

b If Agnes charges $280, solve an equation to find how long she was hired for. 

с Ву drawing a graph of C versus t for both Rhys and Agnes on the same set of axes, find the 
Xr coordinates of the intersection point. 

d Use the algebraic method of substitution to solve the simultaneous equations and confirm your 
answer to part c. 
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722 Essential/mathematics: why Pythagorasstheoremyand 
9 допотешугагелтротат 


Pythagoras’ theorem and trigonometry are essential for accurate calculations of lengths and 

angles. These are some of the most common mathematical methods used and across a wide 

variety of practical occupations, including construction, manufacturing, farming, surveying, 

navigation and engineering. 

* Surveyors calculate a hill’s straight slope length using measured horizontal and vertical distances. 

* Pilots of ships and planes, military personnel, surveyors, geologists and hikers use bearings to 
navigate. 

* Engineers calculate the lengths of supporting steel trusses and cables on bridges. 

* Builders check that concrete foundations have square corners and walls are vertical. 

* Carpenters calculate a stairway's diagonal length and lengths of roof rafter using the roof span 
and pitch (i.e. angle). 

e Plumbers and electricians calculate lengths of conduit (plastic protection tubing) and its 
placement angles. 
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In this chapter 


9A Reviewing Pythagoras’ 
theorem (Consolidating) 

9B Finding the length of a 
shorter side 

9C Applications of Pythagoras’ 
theorem 

9D Trigonometric ratios 
(Consolidating) 

9E Finding side lengths 

9F Solving for the denominator 

9G Finding angles 

9H Angles of elevation and 
depression 

9| Direction and bearings 


MEASUREMENT AND 
GEOMETRY 
sem “ОП Pythagoras and trigonometry 
Solve right-angled triangle problems 
including those involving direction 
and angles of elevation and 


/ depression (ACMMG245) 
ч = © Australian Curriculum, Assessment 
_ 25 and Reporting Authority (АСАКА) 
2 ri m " С Online resources 
M 2 
| * | r » з? E R 
ЕР ж S opc ЯС A host of additional online 
АИ ч 6 E. pes 7K , resources are included ав part 
| (= 439 of your Interactive Textbook, 
Ы: T including HOTmaths content, video 


demonstrations of all worked 
examples, auto-marked quizzes and 
much more. 
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v e 3 * 8-9 
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552 Chapter 9 Pythagoras’ theorem and trigonometry 


1 Round the following decimals, correct to two decimal places. 
a 15.84312 b 164.8731 с 0.86602 ab 0257735 
е 0.173648 f 0.7071 g 12.99038 h 14.301 


Find the value of each of the following. 
аг b 68 c9? d 9^-12^ е 3]^458^ f 41^—40* 


E 3 Write the following as a decimal, correct to one decimal place. 


а 8 b v7 с 415 d 10 
e 4129 015 g v3.8 h 4200 


4 Write down the letter or letters matching the hypotenuse (i.e. the side opposite the right angle) 
on the following triangles. 


a b с 
а if 2 
4 Р Q e A f E Z 
j B C 3 
Р Y 


5 Solve for x. 
a 3x=9 b 4x=16 


EL 6 Solve for m. 


a 7т- 25.55 b 9m=10.8 с Tuc 


Е 7 Solve each of the following equations, correct to one decimal place. 
a 3-5 b 4-15 6 32-15 а в D 
X X X X 


8 If x is a positive integer, solve: 
ас —16 b х2 =400 ® х. a 


9 Find the size of the angle Ө in the following diagrams. 


9A Reviewing Pythagoras’ theorem 


e То know that Pythagoras’ theorem connects the three side lengths of a right-angled triangle 

e To be able to find the length of the hypotenuse of a right-angled triangle given the other two sides. 

e To be able to apply Pythagoras' theorem in finding the length of the hypotenuse in a simple application 
Key vocabulary: Pythagoras' theorem, right angle, hypotenuse, square 


The ancient Egyptians knew of the relationship 
between the numbers 3, 4 and 5 and how they 
could be used to form a right-angled triangle. 

Greek philosopher and mathematician 
Pythagoras expanded on this idea and the theorem 
we use today is named after him. 


o Lesson starter: Three, four and five 


Шш 


* On square grid paper, construct three squares as shown above. 

e Cut them out and place the middle-sized square on top of the largest square. Then cut the smallest 
square into 9 smaller squares and also place them onto the largest square to finish covering it. 

e What does this show about the numbers 3, 4 and 5? 


Key ideas 


8 A right-angled triangle has its longest side opposite the right angle. This side is called 
the hypotenuse. 


For example: 4, 
«27 «и 
«2 oo 
SS hypotenuse 


8 Pythagoras' theorem states: 
The square of the hypotenuse is equal to the sum of the squares on the other two sides. 


For example: 4 
4 
а 
D Р 4 3 
b 


ceu b =p hg SEPT 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Exercise 9A 


Understanding 1-4 


1 Which of the following triangles have a side known as the hypotenuse? 


| IN 
| >` 
Hint: Draw an arrow across 


2 Copy these triangles into your workbook and label the hypotenuse. fram ihe Agnt angie 1o 


a b find the hypotenuse (hyp). 
! VA 25, 


Hint: Only right-angled 


a triangles have a hypotenuse. 


© 
4 


3 Write the relationship between the sides of these triangles. Hint: | 
а b с 5 2 N 
Z m 
› Ew. : 
t m mem 
X 
n 


4 Find the value of a? + b? when: 


a a=3andb=4 b a=3andb=5 C a=3andb=6 


Fluency 


Example 1 Finding the length of the hypotenuse 


Find the length of the hypotenuse (x) of the triangle shown. 


6 
8 
Solution Explanation 
xoa 48° Write the relationship for the given 
236164 triangle using Pythagoras' theorem. x 6 
= 100 
8 
х = \100 Take the square root to find x. 
210 
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9A Reviewing Pythagoras’ theorem 555 


Now you try 


Find the length of the hypotenuse (x) of the triangle shown. 24 


= 
X 
a 5 Find the length of the hypotenuse in these right-angled triangles. 
a b x 
3 f | 
4 
i 
х 15 
c 12 d 
X 
' иь 
5 A 
24 
e 
4 
9 


Ї 
х 12 
9 
Find the length of the hypotenuse in this triangle, correct to one decimal 2cm 
place. 5cm 
c cm 
Solution Explanation 
2542 Write the relationship for this triangle, 2 5 
20-04 where с is the length of the hypotenuse. 
С 
= 20 
СЕ 09 Simplify. 
€ — 5.38516... Take the square root to find c. 


с= 5.4 (to 1 d.p.) Round 5.3 (8) 516... to one decimal place by rounding up. 


Now you try 
Find the length of the hypotenuse in this triangle, correct to one decimal cm 
place. Р 
m 
llm 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


ЕЭ 6 Find the length of the hypotenuse in these triangles, correct to one decimal place. 


c cm b 7 22, 2mm Hint: If c? = 34, then c = 434. Use а x 
3 cm calculator to find the decimal. 
c mm 
5cm 
C d c km 
cm 10m 
10 km 
е i ~ 7cm f | ~ 
5 ст c cm 
8 cm 
c cm 
10 cm 
Em 7 Find the value of the hypotenuse in these triangles, correct to two decimal places. 
a b с 
5.1 cm a km 
2.6 km 
хеп xam 2.56m 
7.3 cm 4.3 km 
2.56m 
d 265 ue : 15 cm Ї 15cm 
wmm 9 ст Ра 
c cm 
19 cm pcm 
Problem-solving and reasoning 8-11 
m 8 ALCD plasma TV is 154 cm long and 96 cm high. Calculate the us 
length of its diagonal, correct to one decimal place. - 
Бин 
Em 9 А 32 m tower is supported by cables from the top to a position on 
the ground 15 m from the base of the tower. Determine the length of 
each cable needed to support the tower, correct to one decimal place. "S 
Hint: Set up and solve using 
Pythagoras’ theorem. | 
15m 
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10 Boris the builder uses Pythagoras’ theorem to check the corners of his 
concrete slab. What will be the length of the diagonal when the 
angle is 90°? 


Н 11 Find the length of the diagonal steel brace needed to support a gate of length 
4.2 m and width 3.2 m, correct to two decimal places. 


m 12 Find the length of the longest rod that will fit in a cylindrical container of height 
2.1 m and diameter 1.6 m, correct to two decimal places. Ai 


1.6 т 


Н 13 A rocket blasts off and after a few seconds it is 350 m above the ground. At 
this time it has covered a horizontal distance of 350 m. How far has the rocket 
travelled, correct to two decimal places? 


350 т 
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ЕЭ 14 Determine whether these triangles contain a right angle. 


Je 
= jus: 9 9 3 Hint: If Pythagoras’ theorem аф 
works, then the triangle 


10 8 has a right angle. 
For example: 
с d 10 20 
9 | 2 
3 3 6 | 41 
8 41? = 1681 
4 402 + 92 = 1681 
2412 = 402 + 92 and 


е 14 Ї 13 the triangle has a right 
5 angle, opposite the 41. 
6 


Н 15 An offset survey measures distances perpendicular to the baseline offset. A notebook entry is made 
showing these distances, and then perimeters and areas are calculated. 


B 
40 
D 15 | 25 pu 
wols c Field diagram 
0 (Not to scale) 
A 
Notebook 
entry 
а Using the diagrams above, find these lengths, correct to one decimal place. 
i AC ii BC ii DB iv AD 


b Find the perimeter of the field ACBD, correct to the nearest metre. 
c Find the area of the field. 


Em 16 Atright is a notebook entry. Draw the field diagram and find the perimeter of the field, to one 
decimal place. B 
60 


D.25 30 
C 15 10 
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9B Finding the length of a shorter side 


Learning intentions 


e То be able to find the length of a shorter side of a right-angled triangle given the other two sides 
e То be able to find the length of a shorter side of a right-angled triangle in a simple application 
Key vocabulary: hypotenuse 


Using Pythagoras’ theorem, we can determine the 
length of the shorter sides of a right-angled triangle. 
The angled support beams on a rollercoaster ride, for 
example, create right-angled triangles with the ground. 
The vertical and horizontal distances are the shorter 
sides of the triangle. 


© Lesson starter: Choosing the 
correct numbers 


For the triangle ABC, Pythagoras’ theorem is written c? = a? + b?. B 
Choose the 3 numbers from each group that work for c? = a? + P?. А 
а 
Group 1: 6,7,8, 9, 10 Group 2: 15, 16, 20, 25 
Group 3: 9,10, 12,15 Group 4: 9, 20, 21,40,41 С ГА А 
Key ideas 


8 We сап use Pythagoras’ theorem to determine the length of one of the shorter sides 
if we know the length of the hypotenuse and the other side. 


152 = х2 + 10? becomes х2 = 15? — 102. 


For example: " So x? = 125 and х = 4125. 
10 
Exercise 9B 
Understanding 8 


1 What is the length of the hypotenuse in each of these triangles? 
a b 6 с 9 d 
" : 1.2 
6 
x| /24 AN |7 
1.5 
112 


2 Copy and complete: 


a When 102 = 62 + w?, then w? = 10? -[ |. ‘Hint: Follow a step as 8 
b When 132 = 5?+x?, then x? = 13? – Цусан 

1 | -an equation. 
c When 302 = p? + 182, then p? = | 1-182, | 
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кэ 3 Substitute the numbers and pronumerals into Pythagoras’ theorem с2 = à? + 22, for each of 
these triangles. Do not solve for the unknown. 


a 17 b 5 с 15 
J = , Е 


Fluency 


Example 3 Calculating a shorter side 
Determine the value of x in the triangle shown, using Pythagoras’ theorem. n 13 
X 


12) 
Solution Explanation 
1832-12-12 Write the relationship for this triangle 13 
using Pythagoras’ theorem, with 13 as X 
the hypotenuse. 
2 2 : Р 2 12) 
х2-132-12 Rewrite the rule with the x? on the 
= [(@® = [м1 left-hand side. 
= 25) Simplify. 
2 Find the square root to find х. 
os =D 
Now you try 
Determine the value of x in the triangle shown, using Pythagoras’ theorem. 4 
х 
5 
m 4 Determine the value of x in these triangles, using Pythagoras' theorem. 
"Ul 
Hint: In 2 à? + 22, с 
is always the hypotenuse. 


a b 24 
3 3 po ИЩ 
25 
X 
с d 
X 
X 12 
17 
13 
15 
e x f x 
" E 
48 50 
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Example 4 Finding a shorter side length as a decimal value 


Determine the value of m in the triangle, correct to one decimal place. 12.4 
m 
16.8 
Solution Explanation 
16.82 =m? + 12.42 Write the relationship Тог this triangle. 
m? = 16.82 — 12.42 Make m? the subject. 
= 128.48 Simplify, using your calculator. 
т = 128.48 Таке the square root of both sides to find т. 
zl 3349... 
7] —11:3:0071 dp) Round your answer to one decimal place. 
Now you try 
Determine the value of 5 in the triangle, correct to one decimal place. aan 
1115 5 
5 
Н 5 Determine the value of x in these triangles, using Pythagoras’ theorem. a 
Answer correct to one decimal place. ШЕЛ TUNE Ж ЕП 2 


а р place, look at the second 
7m xm decimal place. If it is 5 or 
xmm 15 mm more, round up. If it is 4 
or less, round down. For 
10m 


example, 7.1 (4) 14... 
7mm rounds to 7.1. 


с 17 ст d 8 km 
5km 
cm 
21 cm id "oes 
e f 10 т 
10 ст 12 cm 
sm 19m 


х cm 


m 6 Determine the value of x in these triangles, using Pythagoras' theorem. Answer correct to 
two decimal places. 


a 12.7 mm b 724m c 6.54 cm 
xcm 
а Fa - 15.67 m үлэ. 

х 7.6 ст 

d 164.3 mm e xm f 
95.3 mm 40 m m 

х mm ын 220 
56m 
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Problem-solving and reasoning 7-9 


m 7 A6m ladder leans against a wall. If the base of the ladder is 2 m from the wall, 
determine how high the ladder is up the wall, correct to two decimal places. 


6m 
2m 
m 8 Atent has sloping sides of length 2.3 m and a base | | | 
of 1.2 m. Determine the height of the tent pole, m iam ight-angled — ei 
correct to one decimal place. di 
<> 
1.2m 
Н 9 Acity council wants to build a skateboard ramp measuring 4 m long and 229 
2.4 m high. How long should the base of the ramp be, correct to 4m 


one decimal place? P 24m 


Е 10 Triangle ABC is equilateral. AE is an axis of Hint An equilateraliriangle git 


A 
symmetry. has 3 equal sides. 
а Find the length of: 
i EB 6cm 6cm 
ii AE, to one decimal place Hint: ar 
b Find the area of triangle ABC, toone — ” Remember: A =} bh is | 
Е 


decimal place. the area of a triangle. 


6cm 


Hint: Pythagoras’ theorem 


Е 11 What is the height of this isosceles triangle, to one | 


Q R 


P 
decimal ol ace? applies only to right-angled 
triangles. 
8cm 8 ст 
бст 


Yr More than one pronumeral 


12 Find the value of x in each of the following. Answer to one decimal place. 


a b x с А, 
10 Hint: Remember to square the 2 
* 9 2x entire side. The square of 
2x 10 2x is (2x)? or 4x2. 
X 
X 
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9С Applications of Pythagoras’ theorem * 


Learning intentions 


e To be able to identify right-angled triangles in simple applications 
e То be able to apply Pythagoras’ theorem in a real situation to find an unknown length 
Key vocabulary: identify, pronumeral 


Pythagoras' theorem has many applications, some of 
which you may have noticed already in this chapter. 
Some areas where Pythagoras' theorem is useful 
include drafting, building and navigation. 


o Lesson starter: Finding the 
shortest path 


A rectangular field is 200 m by 150 m. Marco wants 

to walk from the corner of the field marked A to the 
corner of the field marked C. How many metres are 
saved by walking along the diagonal AC rather than 
walking along AB and then BC? 


A B 

150m 
D 200m C 
Key ideas 


8 When applying Pythagoras' theorem follow these steps. 

Identify and draw the right-angled triangle or triangles you need in order to solve the problem. 
Label the triangle and place a pronumeral (letter) on the side length that is unknown. 

Use Pythagoras' theorem to find the value of the pronumeral. 


e 
LJ 
LJ 
* Answer the question. (Written questions should have written answers.) 


Exercise 9C 


Understanding | 
28 

1 Draw a diagram for each of the following questions. You don't need to Hint ES ШӘЛ БЕ 1 

answer the question. right-angled triangle. 

а А 2.4 m ladder is placed 1 m from the foot of a building. How far up 

the building will the ladder reach? 
b The diagonal of a rectangle with length 18 cm is 24 cm. How wide is the rectangle? 
€ Sebastian walks 5 km north, then 3 km west. How far is he from his starting point? 
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9C 
кэ 2 Name the right-angled triangles in each of the following diagrams; e.g. AABC. 


a E b P с 
О А 
А р 
К О В 
Q 
B С 


3 Name the hypotenuse in each of the shaded right-angled triangles found within these 
three-dimensional shapes; e.g. FG. 


a A b sqay0 > 


Fluency 


Example 5 Applying Pythagoras’ theorem 


Two flag poles are 15 m apart and a rope links the tops of both poles. Find the 
length of the rope if one flag pole is 9 m tall and the other is 29 m tall. 


29 т 


15m 
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Solution Explanation 


Let x metres be the length of rope. Locate and draw 
the right-angled 
triangle, showing all d —<— 29-9-20 
Шш 20m measurements. 29m 
Introduce a pronumeral for 
the missing side. 9 т 
15m 
15m 
х2 = 152+ 202 | E anm 
— 225 +400 Write the relationship, using Pythagoras' theorem. 
521625 Take the square root to find х. 
= 5) 
The rope is 25 m long. Answer the question. 
Now you try 


Two vertical poles are 2 m and 5 m high and are 4 m apart. Find the distance between the top of the 
two poles. 


m 4 Two skyscrapers are 25 m apart and a cable runs from the top of 
one building to the top of the other. One building is 350 m tall and a 
the other is 250 m. 
a Determine the difference in the heights of the buildings. 
b Draw an appropriate right-angled triangle you could 250m 
use to find the length of the cable. 
c Find the length of the cable, correct to two decimal places. 


350m 


25m 
(Not to scale) 


m 5 Find the value of x in each of the following, correct to one decimal place 


where necessary. СЭ 
а р Hint: Label the two known lengths of Ф 
xm xm each triangle first. 
19 т 
12m 10m 
5m 
ш 
5m C 
12m 
С бт 
| 
m 
8m А 
Ш 
12m 
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9С 


Example 6 Using direction with Pythagoras’ theorem 


Two hikers leave their camp (P) at the same time. One walks due east for 9 km; the other walks due 
south for 9.5 km. How far apart are the two hikers at this point? (Answer to one decimal place.) 


Solution Explanation 


Draw a diagram. 


Consider APAB. 
ЈР 9 Кт 
Ч А 
9.5 Кт ^ km 
B 
ox? = 9 49,52 Write Pythagoras’ theorem and evaluate. 
x? = 171.25 Square root to find x. 
aee IU OS 
= 13.086 
= ÍZ 0086 р) Round to one decimal place. 
2. The hikers are 13.1 km apart. Answer the question in words. 
Now you try 


From a floating oil rig, one ship travels due north for 20 km and another travels due west for 30 km. 
How far apart are the two ships at this point? (Answer to one decimal place.) 


Н 6 Tranh (T) walks 4.5 km east while Zara (2) walks 5.2 km south. How N 
far from Tranh is Zara? Answer to one decimal place. 


w Е в 
7 
5 
7 Find the distance between Sui and Kevin if: 
a Sui walks 6 km north from camp O and Kevin walks 8 km west from camp O. 
b Sui walks 40 km east from point А and Kevin walks 9 km south from point A. 
c Kevin walks 15 km north-west from O and Sui walks 8 km south-west also from O. 
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Example 7 Using Pythagoras’ theorem їп 3D 


Find the distance from one corner of this rectangular prism to the opposite 
corner, correct to two decimal places. 


Solution Explanation 


Draw the triangle you need and mark 


xcm the lengths. 
5cm 
10 cm 
х2 = 52 +102 Write the relationship for this triangle. 
= 25 + 100 Simplify. 
yo NS Take the square root to find x. 


11 8 am o 2 ар 


-. The distance between the 
opposite corners is 11.18 cm. 


Round your answer to two decimal places. 


Write the answer. 


Now you try 


Find the distance from one corner of this rectangular prism to the opposite 
corner, correct to two decimal places. 


m 8 Find the distance of d from one corner to the opposite corner in the following rectangular prisms, 
correct to one decimal place. 


3 — р g 4 cm А a 
" Bi 22, cm да: IN 
LT Фет 15 тт Ne 


Problem-solving and reasoning 9-11 


m 9 The height of a roof is 1.4 m. If the 9 
length of a gable (the diagonal) is to Т >» Hint: Find the base length of the 19 
be 12.6 m, determine the length of the right-angled triangle first. 


horizontal beam needed to Ы ы > 
support the roof, correct to two 
decimal places. 
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E93. 


g" 


В 


g 


* 
g" 


For the diagram shown, find the lengths of: 


10m B 
а BD, correct to two decimal places A 
b BC, correct to one decimal place 5m 
D 
5m 
C 


A kite is constructed with six pieces of wooden 


32 cm 
dowel and covered in fabric. The four pieces Hint: Find the length of the 
around the edge have two 32 cm rods and two horizontal rod first. What type 
54 cm rods. If the top of the kite is right angled, отот the top of 
. : : the kite? Find the length 
find the length of the horizontal and vertical Ln of the vertical rod using two 
rods, correct to two decimal places. calculations. 


Find the height of the following cones, correct to two decimal places. 


a : an ( m 
! 5 ст 


чч — 3d 


3m 


Find the slant height of the following, correct to one decimal place. 


5 b | s cm (slant height) 
| m s m (slant height) 8 \ 
—10 т — <— 7 СТ — 


This cube has 1 cm sides. Find, correct to two decimal places, 
the lengths of: 
a AC b AD 


How much do you know? | = 


Write down everything you know about APQR, including the things P 
that you can calculate. 
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9D Trigonometric ratios 


e То know the three trigonometric ratios for a right-angled triangle 
e То be able to write down the ratio for sine, cosine and tangent for a triangle with given side lengths 
Key vocabulary: trigonometry, sine, cosine, tangent, hypotenuse, opposite, adjacent, angle of reference 


Trigonometry deals with the relationship between the sides and angles of triangles. 

In this section we look at the relationship between right-angled triangles and the three 
trigonometric ratios: sine (sin), cosine (cos) and tangent (tan). 

Using your calculator and knowing how to label the sides of right-angled triangles, you can use 
trigonometry to find missing sides and angles. 


© Lesson starter: Thirty degrees 
e Draw three different right-angled triangles that each have a 30° angle. 


e Measure each side of each triangle and add these measurements to your diagrams. 

e The hypotenuse, as we know, is opposite the right angle. The side opposite the 30° is called the 
opposite side. For each of your three triangles, write down the ratio of the opposite side divided by the 
hypotenuse. What do you notice? 

* Type ‘sin 30°’ into your calculator. What do you notice? 


222 Ш 
ZÀ Г] 


Key ideas 


8 Any right-angled triangle has three sides: the hypotenuse, adjacent and opposite. 
e The angle of reference is the angle in a right-angled triangle that is used to determine the 
opposite side and the adjacent side. 
e The hypotenuse is always opposite the right angle. 
e The adjacent side is next to the angle of reference. 
e The opposite side is opposite the angle of reference. 


S 
hypotenuse AEN ; 
Р opposite side adjacent hypotenuse 
side 
22) Г] oO 
adjacent side opposite side 
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8 For a right-angled triangle with a given angle Ө (theta), the three trigonometric ratios of 
sine (sin), cosine (cos) and tangent (tan) are given by: 


length of opposite side 
length of the hypotenuse 


e sine of angle Ө: sin Ө = 


length of adjacent side 
length of the hypotenuse 


e cosine of angle Ө: cos Ө = 


tan ө = length of opposite side 


нг 222211: length of adjacent side 


8 When working with right-angled triangles, 


label each side of the triangle O (opposite), H 
A (adjacent) and H (hypotenuse). О 
A Г] 
8 The three trigonometric ratios are: A 
sing - 9 cos 0 - ^ tang - 9 
H H A 


We can remember this as SOH CAH TOA. 


Exercise 9D 


Understanding 1-4 


1 By referring to the angles marked, copy each triangle and label the sides 
opposite, adjacent and hypotenuse, using O, A and H. 


“ess 


2 Referring to triangle PTR, name the: Р 

a side opposite the angle at T 
side adjacent to the angle at Т Hint: ‘Adjacent’ means ‘next to’. 
side opposite the angle at R | 
side adjacent to the angle at R 
hypotenuse 
angle opposite the side PR 


Hint: Arrows help you find the 
hypotenuse and the opposite 
side: 


b 
d 
f 


E 
I 


- 000 = 
N 
25 
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3 Referring to triangle ABC, name the: B 
a hypotenuse 
b side opposite the angle at В 
€ side opposite the angle at C 
d side adjacent to the angle at B C А 


4 In triangle MNO, write the ratio (i.e. fraction) of: M 4 
а the side oposite angle О 
hypotenuse 3 


p the side opposite angle N 
hypotenuse N 


с the side adjacent angle О 
hypotenuse 


Fluency 


Example 8 Writing trigonometric ratios 


Label the sides of the triangle O, A and H and write the ratios for: n 
: oO (7 
a sind р cos@ с tan@ 
m х 
Solution Explanation 
nA Use arrows to label the sides correctly. 
H v2 
nA 
ie [1 2 
О X (opposite m 
H angle 0) O x (Hypotenuse is always 
H opposite the right angle.) 
SOH CAH TOA 

a sng=@ snos eH 

X А ax 
b со80-7 cosg- А-и 

x I] 3€ 
c їап0-7 tang - 9 =m” 

n A n 
Now you try 
Label the sides of the triangle O, A and H and write the ratios for: 5 
а 510 р cos@ с tanO 8 17 

O 
15 
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572 Chapter 9 Pythagoras’ theorem and trigonometry 


E 5 For each of the following triangles, write a ratio for: 


і sind il cos0 ili tan Ө 
a b с 
- п 155: 
: Hint: Use SOHCAHTOA Ф 7 
b т р after labelling the sides 
р as 0, A and H. 
A Ш 
С 
d e 10 f 
Va O T 
26\ (24 12 
O CA 
5 
Write down the ratio of cos @ for this triangle. 
V74 
ig Гм 
9 
Solution Explanation 
cos 0 = â Label the sides of the triangle. 
7 
cos Ө = -= 
uL ol “Хуйн 
5 
[ (N 
7A 
SOH CAH TOA tells us cos Ө is - 28 8сёт. 
hypotenuse 
Substitute the values for the adjacent (A) and 
hypotenuse (H). 
Now you try 
Write down the ratio of sin Ө for this triangle. 7 
Ш 
3 
> 458 


6 Write the trigonometric ratio asked for in each of the following. 


a b c b 
| 07 
4 8 
C 
a 
L] CN 
С 
tan 0 = cos Ө = 
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g bh h p.a i 1 
E | v У 
6 || 
40 
b р Х |43 
: cos 0- 


tan 0 = 


Problem-solving and reasoning 7-9 


7 Copy each of these triangles and mark the angle 0 that will enable you to write a ratio for sin Ө. 


a b y c d 
11 
8 » 5 р 
x 


oO 
8 For the triangle shown, write a ratio for: 
a sin8 b sino с cos Hint: Ө and care letters of the Greek a 
d cosa e tano f tana alphabet that are used to mark angles. | 


9 For each of the triangles below, decide which trigonometric ratio (sin, cos or tan) | eas 
: : : Hint: First decide which 
you would use for the given information. He EES aE 
a b n с | 
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E 10 Consider the triangle POR. Q 


a Use Pythagoras’ theorem to find the length of OR. 
b Write down the ratio of sin 0. 5m 
|| [ — 
11 Fora given right-angled triangle, sin 0 = L 
a Draw a right-angled triangle and show this information. 


b What is the length of the third side? Use Pythagoras’ theorem. 


c Find the value of: 
i cos@ ii tan@ 


Ж Relationship between sine and cosine 


E 12 Use your calculator to complete the table, answering to three Angle (6) | sin Ө cos Ө 
decimal places where necessary. 09 
a For what angle is sin Ө = cos Ө? 2 
10° 


b Copy and complete: 
і 510 5° =соѕ ° 18 
йы ы 20° 
il sin10? 2 cos 
РРА А aa 259 
iii sin 60? = cos PEE 30° 
iv sin 90? = cos мэн 35° 

c Write down a relationship, in words, between sin and cos. 40° 

d Why do you think it’s called cosine? ын 

55° 

60° 
65° 
70° 
75° 
80° 
85° 
90° 


о 


1 19 
fi 
2a: 


л 
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ОЕ Finding side lengths 


e То be able to identify which trigonometric ratio can be used to set up an equation 
e To be able to find a missing length on a right-angled triangle given an angle and another side 
Key vocabulary: sine, cosine, tangent, hypotenuse, opposite, adjacent 


In any right-angled triangle, given one of the acute angles and a side length, you can find the length of the 
other two sides. This can help builders find special lengths in right-angled triangles if they know an angle 
and the length of another side. 


o Lesson starter: 15 it sin, cos or tan? 


Of the six triangles below, only two provide enough information to directly use the sine ratio. Which two 


triangles are they? 
B C 
9m 9m 
A Г] ГА Г] 
wm 6m 
D A E F 
15m 
15 т 12 т xm 
Г] 48° 
wm A 4 А - 
wm 


Key ideas 


8 To find a missing side when given a right-angled triangle with one acute angle and one of 
the sides: 
* [abel the triangle using O (opposite), A (adjacent) and H (hypotenuse). 
* Use SOH САН ТОА to decide on the correct trigonometric ratio. 
* Write down the equation, using your chosen ratio. 
* Solve the equation, using your calculator, to find the unknown. 


Write > E = sin 40? 2 E 
Solve > x=2xsin40° A Е 
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Exercise 9E 


Understanding 1-2(%), 3 
m 1 Use a calculator to find the value of each of the following, correct to four decimal places. "n 
A 5 dabo nel н ын 0 Hint: Locate the sin, cos 1 
d tan30 e cos40 f sin70 and tan buttons on your 
g cos80° h tan40? i sin 80? calculator. 
m 2 Evaluate each of the following, correct to two decimal places. | 
a 12tan 10° b 12sin25° c 18tan 60° ШЕ ш A Ф 
: 5 5 : é enter 12 tan 10° as 
d 565156 е 8tan45 f 205170 Йй сты. 
3 Decide which of the three trigonometric ratios (sin, cos or tan) is suitable for these triangles. 
Do not sohe: Hint: Remember to label ће A, 
a b с triangle and think SOH САН | 
z 15 12 TOA. Consider which two 
sides are involved. 
ш (N 
[N 
f 


18 
| | 17 
| 
O ў 
X 
d e 
Ho 4 еер 
56 А 
24 
Г] 
Х 


Fluency 


Example 10 Solving a trigonometric equation 


Find the value of x, correct to two decimal places, for cos 30° = 2. 


12) 
Solution Explanation 
coss 17 Multiply both sides by 12 to get x on its own. 
ва 
х = 12 x cos 309 Ир 
= 10280510... 


Use your calculator. 
= 10.39 (to 2 d.p.) Round as indicated. 
Now you try 


Find the value of x, correct to two decimal places, for sin 40° = 2 


Н 4 Find the value of x in these equations, correct to two decimal places. 


a ѕіп20° = b соѕ43° =~ с tan85° = 
4 7 8 
š X 
d tan30°= 2 e sin50°=% f cos40° = — 
24 12 12 
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Example 11 Finding a missing side, using 5ОН CAH TOA 


Find the value of the unknown length (x) in these triangles. Round to two decimal places where 


necessary. 
a b x C 20 
=y, L] | 
2 X 
5 3 
A Ш 
> 
Solution Explanation 
a sin Ө = о Label the triangle and decide 
on your trigonometric ratio 2 (H) х (О) 
sin 30° = Х SOH CAH TOA. 
2 Write the ratio. A (А) 5 
2 <sin 30° = Substitute values and 
EN solve the equation, using your calculator. 
b cos 0 = - Label the triangle. x (A) 
SOH CAH TOA = L| 0) 
cos 25° = X Write the ratio. 5 (H) (0) 
5 Substitute values and 
9 со525° = х solve the equation, using your calculator. 
x=4.5315.., 
sx 4:53. (to 2'd.p;) Round to two decimal places. 
с tang- 9 Label the triangle. х (О) 
5ОН САН ТОА E 
tan 609 = X Write the ratio. 3 (А) Ч 
3 Substitute values and > ŒD 
Stan G0? = solve the equation, using 
x = 5.1961... your calculator. 
= деке ЗЛ (7 (6 boy) Round to two decimal places. 
Now you try 
Find the value of the unknown length (x) in these triangles. Round to two decimal places where 
necessary. 
аг р с 
E~ ; | 
5 
x 11 7 
i 09/7 2S) 
V 
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к 5 Triangles with one unknown side are given below. 


i Copy each one and label the three sides opposite (O), Hint: Use SOH CAH TOA to 
adjacent (A) and hypotenuse (H). help you decide which 

- : р : : ratio to use. If O and H 

ii Decide on a trigonometric ratio. 501022 


iii Find the value of each pronumeral, correct to two decimal places. 


a b ^X Ш с 
` Г-у, 
7 [ | № 
Ш N 8 
Q 2 
8 
2 
A 
X 


ы 


L| 
\ 


Х 
d m e 24 f 
Nd [] d. 
p ae 
15 «| E 
h i 
P P 20 
Q 
ш 
п 
Н 6 Find the value of the unknown length (x) in these triangles. Round to two decimal places. - 
b Ын Г] с 2 
7 х 


Н 7 Find the value of the unknown length (x) in these triangles. Round to two decimal places. 
a 


с У x 
9 
2 Hint: These three all use cos. 


Н 8 Find the value of the unknown length (x) in these triangles. Round to two decimal places. 
a 


Hint: What ratio did you use 
for each of these? 


NX ш 


à) 


2) 


X b L5 LJ x C A 3 ex 

z | i A 

: ^ a Hint: These all use tan. e 
> 
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Н 9 Decide whether to use sin, cos or tan, then find the value of x in these triangles. Round to two 
за places. 


T 
4 
d A 
X 
ГҮ 
35:5 
Problem-solving and reasoning 10, 11 
E 10 a Find the height of this isosceles triangle, which is similar to a dus 
roof truss, to two decimal places. 
b If the span doubles to 56 m, what is the height of the roof, 
to two decimal places? | | 
Hint: In an isosceles 
triangle, the perpendicular 
\ cuts the base in half. <—_ 28 mn——> 
(Span) 


Bm 11 The stay wire of a power pole joins the top to the ground. It makes an angle of 62? 
with the ground. It is fixed to the ground 3.7 m from the bottom of the pole. How high 
is the pole, correct to two decimal places? 


Wire 


12 Find the length and width of these ed to two decimal jum 


SIm 


b O 
Hint: Use the hypotenuse i> 
in each calculation. 


wr Accuracy and errors = 


Em 13 Our aim is to find the value of x, correct to two decimal places, by first finding 
the value of a and b. 

a Find the value of a, then b and then x, using one decimal place for 
a and b. 

b Repeat this process, finding a and b, correct to three decimal places each, 
before finding x. 

c Doesit make any difference to your final answer for x if you round 
off the values of a and b during calculations? 
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ОЕ Solving for the denominator Ж 


e To be able to identify which trigonometric ratio can be used їо set ир an equation 
e To be able to find a missing length on a right-angled triangle if the variable sits in the denominator of the equation 
Key vocabulary: denominator, hypotenuse, opposite, adjacent 


So far, we have been dealing with equations that have the pronumeral in the numerator. However, sometimes 
the unknown is in the denominator and these problems can be solved with an extra step in your 
mathematical working. 


o Lesson starter: Solving equations with x in the denominator 


Consider the equations 37 4 and 3- 4. 


* Do the equations have the same solution? 
* What steps are used to solve the equations? 


e Now solve i- sin 30? and 2 = cos 40°. 


Key ideas 


@ When the unknown value is in the denominator, you need to do two algebraic steps to 
find the unknown. For example, 
sin Ө =- Opposite 


hypotenuse 
sin 55° =4 
x 
x x sin 55° = 4 
4 X 4 
B = P 
sin 55? 
— 4,88 (to two decimal places) А - 
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Exercise ЭР 


Understanding 1-3 
m 1 Find the value, correct to two decimal places, of: 
x 10 b 12 c —1° Hint: For part a, enter 10 + tan 30 into 2 
{ап 30° sin 60° tan 8° your calculator. 
d 12.4 e 15.2 9 
tan 32° sin 38° cos 47° 


2 For each of these triangles, complete the required trigonometric ratio. 


a b 1.4 с NJag° E d > 
x a w 
O N 2.8 
10 7 


sin 52° = == 


cos 15° = == {ап 30° = == sin 48° = 


3 Which опе of the following is the correct working to solve for x in this triangle? 


A cos30 = 6 B sin30 - 6 C sin 30? = 6 
x x x 
xcos30 =6 x = 6 x sin 30° x sin 30° = 6 
_ 6 =3 _ 6 
* = Cos 30° * = Sin 30° 
= 6.93 -12 


Example 12 Finding the value of the denominator 


Find the value of the unknown length (x) in these right-angled triangles. Round your answer to two 
decimal places. 


a b 3 с 7 
Б, L| 
2 = D 
X 
X 
2 = 48° 
V 
Solution Explanation 
a 51035 = - Use sin Ө = O, as we can use the opposite (2) and 
srama hypotenuse (x). 
5 Multiply both sides by x. 
х= 450 Divide both sides by sin 35° to get x on its own. 


Recall that sin 35° is just a number. 
х= 3.49 (to 2 d.p.) Evaluate and round your answer. 


Continued on next page 
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582 Chapter 9 Pythagoras’ theorem and trigonometry 


A 


b cos 40° = 3 Use cos 0 = py as We can use the adjacent (3) and 
40 md hypotenuse (x). 
E Multiply both sides by x. 
- Divide both sides by cos 40° to get x on its own. 
cos 40° 
xe = 3.92 (0029р) Evaluate and round your answer. 
с tan 48° = - Use tan 0 = - as we сап use the adjacent (x) and 
x x tan 48° = 7 СОИ 
Multiply both sides by х. 
ECL Divide both sides by tan 48? to get x on its own. 
tan 48? 
“хэб3(024р:) Evaluate and round your answer. 
Now you try 


Find the value of the unknown length (x) in these right-angled triangles. Round your answer to two 
decimal places. 


a x b c 29° 
3 
Х 
X 
Г] 
8 


4) 
DU 
у 


Е 4 Find the value of the unknown length (x) in these right-angled = 
triangles. Round to two decimal places. Hint: In sin 20° =3, multiply both 9 
sides by x first. 
4 b ^X Ш C X 
3 V 
Нь? = 3 5 
a 15 
Es 5 Find the value of the unknown length (x) in these right-angled triangles. 9 
Миш to two decimal places. НО ө-4 ) 
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Н 6 Find the value of the unknown length (x) in these right-angled triangles. Round your answer to two 
decimal places. 


a b 2.5 с Hint: tan 0-3 
Г] 
х NI 
2 
4 2-2 
m 7 By first deciding whether to use sin Ө, cos Ө or tan Ө, find the value of х in these Hint: SOH CAH TOA v 


triangles. Round to two decimal places. 


с E 
aje 


f 
25 
Х Ф, 
V 
Problem-solving and reasoning 8-10 
Е 8 The recommended angle of a wheelchair ramp to the horizontal is Bad 
approximately 10°. How long is the ramp if the horizontal distance 10° 


is 2.5 metres? Round your answer to two decimal places. 


Н 9 The roof of this barn has a pitch of 30°, as shown. Find the length 
of roof section AB, to one decimal place. 


С 24m D 


m 10 Find the length АВ and BC in these shapes. Round your answers to two decimal places. 
a C b c B 


20 cm 25° 
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ЭЕ 11 Тһе ramp shown has an incline angle of 15° and a height of 2 m. Find, correct to three decimal places: 


а the base length of the ramp 


b the length of the ramp surface Hint: The ‘incline’ is the angle to the 
horizontal. 
Ramp surface 
2m 
15? 
m 12 For this communications tower, find, correct to one decimal place: Tower 


a the length of the cable 


b the distance from the base of the tower to the point 
where the cable is attached to the ground 


Cable 25m 
/\ 
Ground 
Ж Inverting the fraction - 
Shown below is another way of solving trigonometric equations with 
x in the denominator. 
6.8 2 
Find x, to two decimal places. 
А 6.8 | | ш М 
sin 50° = гэ First, write the correct ratio. 
2212 5 Invert both fractions so x is in the numerator. 
sin 50? 6.8 
21 Ї сй 
wu ма 5000 овое 
_ 6.8 ; | 
X= 5095 Multiply both sides by 6.8 to get x on its own. 
x = 8.876769... Use your calculator. 
x = 8.88 (to 2 d.p.) Round your answer as required. 


st 13 Use the method shown above to find the value of x, to two decimal places where necessary, in 
each of the following. 


a x b C X 
[ | a \/ LI 
8 x 
9 
/N Г] 
15 
d x e O f 12.4 
(7 38 
x Y 
40 A 
2 
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Find the length of the hypotenuse in the following right-angled triangles. Round to one decimal 
place in part b. 
a b 5 ст 


а 


10m 


24m 


ГЭ 2 Find the value of the pronumeral in the following triangles. Round to one decimal place 


i t b. 
ЕН in par А 


а xcm 
10 mm 
21:51 (8111 
| p 6.5 cm 7mm 


х тт 


-— 
О 
© 
-— 
(D 
0 
Ф 
© 
= 
N 


ГЭ? 3 A phone has a screen size of 4.7 inches (i.e. this is the distance from corner to corner). If the 
ЕН screen has a width of 2.5 inches, what is the screen height, correct to one decimal place? 


2/5 nm 


И A4 Astraight wire connects the tops of two telegraph poles. The poles are 7 m and 5 m high and 
Н se are located 4 m apart. What is the length of the wire, correct to two decimal places? 


7m 
SIM 
4m 


ИХ 5 Find the distance (d cm) from one corner to the opposite corner of this rectangular prism, correct 


"m fe to one decimal place. 


90 6 For the triangle shown, write down the ratio for: / 
a cos@ 
b 810 
с tang 
41 40 
|| 
9 


7 Find the value of x in these triangles. Round your answers to one decimal place. 
a b x cm 
12m 
8 cm 
ш s 
xm 
2 


8 Find the value of x in these triangles. Round your answers to one decimal place. 


a b xcm 
SLEM 
El (N 


9 Use each of the following methods to find the area of the equilateral triangle shown. Give 
your answer to one decimal place. 
(Hint: First you will need to find the height of the triangle.) 
a Pythagoras’ theorem 
b Trigonometry 


9G Finding angles 


Learning intentions 


e To know that angles can be found using inverse trigonometric functions 
e To be able to find an angle in a right-angled triangle given any two side lengths 
Key vocabulary: inverse trigonometric function or ratio 


Given two side lengths of a right-angled triangle, you can find either of 
the acute angles. There are many different situations where you might 
be given two side lengths of a right-angled triangle and be asked to find 
the associated angles. Angles associated with flight for example, can be 
calculated using trigonometry. 


o Lesson starter: Knowing the angle 
Imagine a triangle that produces sin Ө = 0.5. 


* Use your calculator and trial and error 


to find a value of Ө for which sin Ө = 0.5. 2 1 
e Repeat for tan 0 = 1 and cos 0 = Е A Ш 


* Do you know of a quicker method, rather than using trial and error? 


8 To find an angle, you use inverse trigonometric ratios on your calculator. 


If sin 0 = x, then Ө = sin ! (x); sin! is inverse sin. 


If cos Ө = y, then Ө = cos ! (y); cos! is inverse cos. 
If tan Ө = z, then Ө = tan 2), tan”! is inverse tan. 


® Look for the three calculator buttons/functions: 
-1 


sin! cos | 


tan 


Exercise 9G 


Understanding 1-3 


Use your calculator to find sin 30° and sin! (0.5). What do you notice? 


:8 : 
16, 
E] 2 Use your calculator to evaluate the following, correct to the nearest Hint: Many н use @ 
: | эрэ 
whole degree. | shift | access m 
E — = У aes e rel] 
a sin (0.71) b cos !(0.866) c tan !(1.6) or cos ! ortan 1. 
3 Write down the trigonometric ratio for these triangles, 
e.g. sin Ө = 2 
3 
а b 7 с | 
u 
12 3 
10 
L] LN | 
Э й 4 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Fluency 


Example 13 Finding an angle 


Find the angle Ө, correct to the nearest degree where necessary, in each of the following. 


a зш0-2 b со80-1 т {иш = MIN) 
3 2 
Solution Explanation 
а sin@ -4 Look for the sin"! button on your calculator. 
: Round ав required. 
eg ed Үд 
Ө = їп H 
0 — 42? (to nearest degree) 
b со50- } Look Тог the cos ! button on your calculator. 
241! 
Ө = со$ B 
0 — 60? 
C tan@=1.7 Look for the tan"! button on your calculator. 
0 = tan !(1.7) Round to the nearest degree. 


0 = 60? (to nearest degree) 


Now you try 
Find the angle Ө, correct to the nearest degree where necessary, in each of the following. 
a со80-0.7 b tan@=2.5 с зїп Ө=+ 
m 4 Find the angle Ө, to the nearest degree, for the following. ын 
: 1 3 : 7 int: | 
a sind= 7 b со80- 5 c sin0- 8 Remember: use| sin™! | 
cos ! |or|tan ! Jon 
d tan@=1 e tan0-7 f sing S. the calculator. 
8 10 
22 a ee i -4 
g с080-4 һ sin Ө = 7 i со$Ө 5 
| tan0-6 k cos 0 = ў, | tan@= 3 
ЭЭЖ: 24 23 
т sin Ө = n cos0-c 0 tan6-c 
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Example 14 Using SOH CAH TOA to find angles 


Find @ in the following right-angled triangles, correct to two decimal places where necessary. 


a b is с J 
2 
1 J Г ау? 
ш s. 25 шавыг 


Solution Explanation 
a sinô = Use sin 0 since we know the opposite and the hypotenuse. 
sin 0 -1 Substitute О = 1 апан = 2. 
Ө = ѕіпг! | Use your calculator to find sin™! al 
= Эй” 
b со50 -8 Use cos Ө since we know the adjacent and the hypotenuse. 
cos @ = 13 Substitute А = 1.5 and H=2.5. 
шры Шэ ; -1(15 
Ө = соѕ E Use your calculator to find cos 23 
= 552° (to 2 р) Round to two decimal places. 
С tan@= 0 Use tan Ө since we know the opposite and the adjacent. 
tan Ө = 15 Substitute О = 15 and A = 8.2. 
Еа ; =i || 15. 
Ө = tan | Use your calculator to find tan sh 
= 61, 34° по2ар) Round to two decimal places. 
Now you try 


Find @ in the following right-angled triangles, correct to two decimal places where necessary. 
a 4 b с 72 a 
m 7 Гаж: Er 
A 
5 
o 


1.27 
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Use опе of sin, cos or tan to find @ in these triangles, rounding to two decimal places where 


ел 


necessary. 
a b 5 c [у 
NU || 2 
4 m 
9 18 > 
2 Г] 527 
3 Hint: SOH CAH TOA A 
d ту е A f v 
7) 15 
15 N 5—5 
25 


Е 6 Find the angle Ө, correct to the nearest degree, in these triangles. You will need to decide whether to 
use sin Ө, cos 0 or tan Ө. 


a b 5 с 4k 
: ч м. 
9 
; 


Hint: The nearest degree Л 
means the nearest 


ы 
[ | 


7 


whole number. 


d 7 е e f 
н V 11 15 
12 
8 И \ 
Б А 
5 
g 4 n 2 
5 15.2 152 
H al Ёс 
4 9.7 
j [T aJ k І 
40 41 137 
a (N 
100 
Problem-solving and reasoning 7,8 
a 7 Aramp is 8 m long horizontally and 1.5 m high. Find the angle the 
: ' 1.5 т 
ramp makes with the ground, correct їо two decimal places. „е. 


Н 8 Arectangular piece of wood 1 m wide and 3.5 m long is to be cut across 
the diagonal. Find the angle the cut makes with the long side (correct to Ч” 
two decimal places). 
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Н 9 At what angle to the ground is a kite (shown) with height 40 m and 
string length 55 m? Round to two decimal places. | 


55m 


Н 10 Find the two acute angles in a right-angled triangle with the given side Hint: 
lengths, correct to one decimal place. * Drawa picture. 
; * Use SOH CAH TOA. 

a hypotenuse 5 cm, other side 3 cm «йон ace апд 
hypotenuse 7 m, other side 4 m trigonometry. 
hypotenuse 0.5 mm, other side 0.3 mm Remember: all triangles have 

: an angle sum of 180°. 
the two shorter side lengths are 3 cm and 6 cm N 


the two shorter side lengths are 10 m and 4 m 


ооо c 


Ч Building and construction 


Н 11 A roof is pitched so that the angle at its peak is 90°. If each roof truss 
spans 10.5 m and distance y is 7.2 m, find the pitch angles A and B, 
to the nearest whole number. 


Е 12 a Find the length of the slats (/ metres) needed along 
each hypotenuse for this roof cross-section, correct 
to two decimal places. 
b Find the height of the highest point of the roof 
above ground level, correct to two decimal places. 


m 13 A ramp is to be constructed to allow disabled access over a set of existing stairs, as shown. 


60 cm 


a What angle does the ramp make with the ground, to the nearest degree? 


b Government regulations state that the ramp cannot be more than 13? to the horizontal. Does this 
ramp meet these requirements? 


c How long is the ramp? Round your answer to one decimal place. 
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9H Angles of elevation and depression 


e То know how angles of elevation and depression can be identified in a real context 
e Tobe able to use trigonometry to solve problems involving angles of elevation and depression 
Key vocabulary: elevation, depression, horizontal 


Many applications of trigonometry involve angles of elevation 
and angles of depression. These angles are measured 

up or down from a horizontal level. Whenever you view 
something above or below the horizontal, you form an angle 
of elevation or depression. 


© Lesson starter: How close should 
you sit? 

The diagram below shows an outdoor movie screen (OT). The point T is the top of the screen. The 

points A—E are the five rows of seats in the theatre, from which a persons line of sight is taken. 

The line OE is the horizontal line of sight. 

* Use your protractor to measure the angle of elevation from each point along the horizontal to the top 
of the movie screen. 

* Where should you sit if you wish to have an angle of elevation between 25? and 20? and not be in the 
first or last row of the theatre? 


T 


О А В С р E 


8 Looking up at an object forms an angle of elevation above the horizontal. 


o agi. а 


ye 


E a) elevation 


horizontal 
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8 Looking down at an object forms an angle of depression below the horizontal. 


horizontal 
depression Vom ЭЭ 


208 


8 The angle of elevation will equal the angle of depression in the same context. 


Exercise 9H 


Understanding 


1 Give the missing word. 
a Looking down at an object forms an angle of 
b Looking up at an object forms an angle of 
c Angles of elevation and depression are measured up or down fim the 


2 This diagram shows angles of elevation and depression. Q 
a Whatis the angle of elevation of Q from P? a 
b What is the angle of depression of Р from О? 
c What is the size of ZPQA? pa ЧА 


3 For each description, draw a triangle diagram that matches the information given. 
a The angle of elevation to the top of a tower from a point 50 m from 


its base is 55°. Hint: Always measure "mor 
Я : angles of elevation i 
b The angle of depression from the top of a 200 m cliff to a boat out at and depression from 
sea is 22°. the horizontal. 


c The angle of elevation of the top of a castle wall from a point on the 
ground 30 m from the castle wall is 33°. 
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Example 15 Using an angle of elevation 


To find the height of a tall building, Johal stands 85 m away from its base 
and measures the angle of elevation at the top of the building 
as 70°. Find the height of the building, correct to the nearest metre. 


Solution Explanation 
tang - O Label the triangle with O, A 
A 
and H. 
221 
їап 70° = 85 Use tan since the opposite 


hcogs x nm Te and adjacent are given. 


— 23353558... Find h by solving the " 
equation. H 
= 234 m (to the nearest metre) " 
-. The building is 234 m tall. 85 x tan 70° = gc x 85 
Round to the nearest metre. ID " 
85m A 
Now you try 


A 20 m high tree casts a shadow of unknown length. 

Find the length of the shadow if the angle of elevation of the top of 
the tree from the end of the shadow is 36°. Round to the 

nearest metre. 


m 4 Answer the following questions about angles of elevation. 
a The angle of elevation to the top of a flagpole from a point 28 m 
from its base is 38°. How tall is the flagpole, correct to 
two decimal places? 
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b Alvin is 34 т away from a tree and the angle of elevation to the 
top of the tree from the ground is 52°. What is the height of the 
tree, correct to one decimal place? 


с The Suns rays shining over a tower make an angle of 
elevation of 26° and cast a 48 m shadow on the ground. 
How tall, to two decimal places, is the tower? 


shadow 48 m 


d The Sun makes an angle of elevation of 30° with a lamp post C 
that is 3.5 m tall. How long is the shadow on the ground, 
correct to two decimal places? 


shadow (x m) 


e The altitude of a hovering helicopter is 450 m, and the angle of 
elevation from the helipad to the helicopter is 40°. Find the horizontal 
distance from the helicopter to the helipad, correct to two decimal 
places. 


f A cable of length 45 m is anchored from the ground to the А 
top of a communications mast. The angle of elevation of the 
cable to the top of the mast is 60°. Find the height of the 


communications mast, correct to two decimal places. 
45 т 
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Example 16 Using an angle of depression 


From the observation room of Centrepoint Tower in Sydney, (Not to scale) 
which has a height of 160 m, the angle of depression of a 
boat moored at Circular Quay is observed to be 8°. How far 
from the base of the tower is the boat, correct to the 
nearest metre? 


Solution Explanation 
y8 = Draw the triangle and find the angle inside the 
in 82? H triangle: 
m BE GO o 
N BOP = ts? = 002 
Use this angle to label the triangle. 
3s Imm. ©) . : 
Use tan since we have the opposite and 
20 | 
tang = = adjacent. 
A 
> 
9.25. 
tan 82° = 160 mm H 
x= 160 x tan 82° А 
E 

= 1138.459... ох 

= 1138 (to the nearest metre) Find x by solving the equation. 
7. The boat is about 1138 m from the base of Round to the nearest metre. 
the tower. 

Now you try 


The angle of depression from a hovering helicopter to a building on the 
ground is 61°. 

If the vertical height of the helicopter above the building is 120 m, find the 
direct distance from the helicopter to the building. Round to one decimal 
place. 


building 


Em 5 Answer these problems relating to angles of depression. 
a The angle of depression from the top of a tower 30 m tall to a point x m from its base is 15°. Find 
the value of x, correct to one decimal place. 


Hint: Use 15? to label an = 
angle inside the triangle. 
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b From a bridge 25 т above a stream, Guy spots two frogs on а lilypad. He estimates the angle of 
depression to the frogs to be 27°. How far from the bridge are the frogs, to the nearest metre? 


25m Hint: The angle of 
depression is the angle 
below the horizontal, 
xm Frog looking down at 
an object. 


c From a lookout tower, Callum spots a bushfire at an angle of depression of 25°. If the lookout tower 
is 40 m tall, how far away (to the nearest metre) is the bushfire from the base of the tower? 


Callum 


40m 


xm Fire 


d From the top of a vertical cliff, Jung spots a boat 150 m out to sea. The angle of depression from 
Jung to the boat is 35°. How many metres (to the nearest whole number) above sea level is Jung? 


COMPRE a 


150m 


e A plane is flying 1800 m above the ground. At the time the pilots spot the runway, the angle of 
depression to the edge of the runway is 11°. How far does the plane have to fly to be above the 
edge of the runway at its current altitude? Answer to the nearest whole number. 


D 
k-i 


SZ, 
Hint: ‘Altitude’ means 
height. 
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Example 17 Finding angles of elevation and depression 


a Find the angle of depression from the top of the hill to Б 
а point on the ground 50 т from the middle of the hill. 
Answer to the nearest degree. 

b What is the angle of elevation from the point on the 
ground to the top of the 38 m hill? Answer to the 
nearest degree. 


depression 


elevation 


Solution Explanation 
a tanO -2 Aim to find Ө. Redraw the 50m A 
diagram as a rectangle so that H 487 
tan 9 = 28 Ө is inside the triangle. Label — 4 m 
50 the triangle, opposite and © 220m 
ENS adjacent. Use tan. 
0 — tan zu] J = 
(0) em 391 SY ace 
0 — 37? (to the nearest 
degree) 


Angle of depression is 37°. 


b Angle of elevation is 37°. ap^ Alternate angles are 


equal when lines are 
parallel. 


L ш 
angle of elevation = angle of depression 
Alternatively = > n= E 
38 


50 
Now you try 


From a 20 m high lookout platform, you can see a fire that is 150 m away horizontally. Find the angle 
of depression from the lookout platform to the fire, correct to the nearest degree. 
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Н 6 Answer these questions about finding angles of elevation and depression. Round all answers to 
one decimal place. 
а From the top of a vertical cliff, Jacquie spots a 
boat 90 m out to sea. If the top of the cliff is 45 m 
above sea level, find the angle of depression from 
the top of the cliff to the boat. 


angle of 
depression 


90m 


b Find the angle of elevation from a person sitting 35 m from 
a movie screen to the top of the screen at 20 m above 
the ground. 


angle of 
elevation 


€ A person sits 20 m away from a stage that is 2 m below the 
horizontal viewing level. Find the angle of depression of the person's 
viewing level to the stage. 


d A diagonal cut 2.85 m long is to be made on a piece of plaster board 
attached to a wall, as shown. The base of the plaster board measures 
1.94 m. Find the angle of elevation of the diagonal cut from the base. 


f A 15 т chain with an anchor attached, as shown, is holding a boat 
in a position against a current. If the water depth is 11.2 m, find the 
angle of depression from the boat to where the anchor is fixed to 


the seabed. 
15m | 112 т 
Problem-solving and reasoning 7,9 
Е 7 Aramp for wheelchairs is to be constructed into a footbridge 6 m Ramp (5) т 
high. The angle of elevation is to be 9°. What will be the length of бй 
the ramp, correct to two decimal places? 
= Ш 
Em 8 A missile is launched at an angle of elevation of 32?. If Target 
the target is 2 km away on the horizontal, how far above 
ground level is the target, correct to two decimal places? hkm 
Missile <7 ш 
2 km 
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ES 9 The distance between two buildings is 24.5 m, as shown. 
Find the height of the taller building, correct to two decimal 
places, if the angle of elevation from the base of the shorter 
building to the top of the taller building is 85°. 


Е 10 Right-angled triangle ABC is shown: 
а Find the angle of elevation from B to C. 
b State the angle of depression from C to B. 
c Describe the relationship that exists between these two angles. 
4 Find the length AB, correct to one decimal place. 


> $ Practical trigonometry: measuring heights 


m 11 It is not always possible or practical to measure the height 
of an object directly. Here you will find the height of an 
object that is difficult to measure. Select a building or other 
structure (e.g. a statue or flagpole) for height calculation. 
You must be able to measure right up to the base of the 
structure. 
a Choose a position from which you can see the top 
of your structure and measure the angle of elevation, 
0, from your eye level. (Use an inclinometer, if your 
teacher has one, or simply estimate the angle using a 
protractor.) 


Measure the distance along the ground (d) from your location to the base of the structure. 


Calculate the height of the structure. Remember to make an adjustment for the height of your 
eye level from the ground. 


d Move to another position and repeat the measurements. Calculate the height using your new 
measurements. 


e Was there much difference between the calculated heights? Suggest reasons for any differences. 
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9| Direction and bearings * 


e То know the 8-point compass rose and how true bearings are measured 

e To be able to draw a diagram including a right-angled triangle for a problem involving bearings 
e То be able to find an unknown distance in a problem involving bearings 

Key vocabulary: true bearing, clockwise 


True bearings are used to communicate a direction and are important in navigation. Ships, planes, bushwalkers 
and the military all use bearings when communicating direction. 


o Lesson starter: Compass bearings 


Work together as a class to label the 8-point compass rose using letters/words in 1 and angles in 2. 


1 N 2 0? 
N 
90? 
Key ideas 
8 Atrue bearing (°Т) is an angle measured clockwise from north. 
e Itis written using three digits. 0? 
For example, N 
008°T 120°T A 
N N 
8° 
120° W< + »-E | clockwise 
2770? 90? 
Y 
300°T 5 
М 180° 
300° 
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* The word from indicates the direction from which a bearing is being taken. 
For example, 


N 


The bearing of B from A is 120°T. 


The bearing of A from B is 300°T. 


* When solving problems relating to bearings, always draw a diagram using N, S, E and W each 
time a bearing is used. 


Exercise 9l 


Understanding 1-4 


1 What is the opposite direction to: 
a north (№)? 
b east (E)? 
€ south (S)? 
d north-east (NE)? 


2 Match each diagram below with the correct true bearing from the list below. 


i 300° ii 260° ili 225? 
iv 140? v 060? vi 350? 
a N b N 
60° 
W E W E 
50° 
S S 
с М d N 
60° 
уу Е W E 
45? 
S 5 
е М f N 
10° 
W E W E 
10° 
S S 
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а 


3 Write down the true bearings of A from О, as shown in these diagrams. 


N 


4 Fill in the missing terms and values for the 


diagram shown. 


a 


ооо c 


A is due of О. 
B is due of A. 
A is due of B. 
The true bearing of B from O is 
The true bearing of O from B is 


Fluency 


Example 18 Drawing a diagram 


A hiker leaves camp (C) and walks on a bearing of 250?T for 8 km. How far west of camp (x km) is 
the hiker? Show all this information on a right-angled triangle. You do not need to solve for x. 


Solution 


Essential Mathematics for the Australian Curriculum 


Hint: Remember to use 


clockwise from north. 
N 


Hint: For part e, start from 9. 


clockwise to the line ВО. 


о ж 


Draw the compass points first. 
Start your diagram with the camp at the centre. 
Mark in 250° clockwise from north, 8 km. 


Draw a line from the hiker to the west line at 


Redraw the triangle, showing any angles and 
lengths known (270° — 250° = 20°). Place a 
pronumeral on the required side. 


Continued on next page 
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ЕЭ Now you try 


A plane leaves the airport and heads on a bearing of 165° T for 100 km. How far south of the airport 


(x km) is the plane? 
Show all this information on a right-angled triangle. 


5 Draw a right-angled triangle for each of the situations outlined below. 


You do not need to solve for x. 


Hint: Start by making the 


a Zahra runs on a true bearing of 300° from her home for 6 km. Mer ape а 
How far north of home is she when she stops? e compass. 
b Bailey walks 12.5 km from camp, C, on a bearing of 135°T. N 
How far south is he now from camp? 
с Samir walks due south 10 km, then turns and walks due east 12 km. vte 
What is his bearing from O, his starting point? 
S 


Example 19 Finding distances with bearings 


A bushwalker walks 5 km on a true bearing of 150° from point A to point 


B. Find how far east point B is from point A. 


Solution 


> Z 


Explanation 


> 7 


cos 0 = 


cos 60° = 


=з x ee OU 
= 25 
-. Point B is 2.5 km east of point A. 


Now you try 


Copy the diagram and draw a line from B up to 
the east line. 


Use the pronumeral x along the east line. 


Find the angle within the triangle: 
15021905 = 


Redraw the triangle. 


Since the adjacent (A) and hypotenuse (H) are 
given, use cos. 


Solve the equation to find x. 
Answer the question. 


A ship travels 200 km on a true bearing of 290? from point А to point B. Find how far west the point 


B is from point A. Round to one decimal place. 
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Н 6 Rihanna walks 8 Кт from point А to point В оп a true bearing of 060°. How Таг east, correct to one 
decimal place, is point B from point A? 


о ж 


E 7 A bushwalker walks 6 km on a true bearing of 050? from point А to point B. Find how far north point 
B is from point A, correct to two decimal places. 


m 8 Aspeed boat travels 100 km on a true bearing of 250°. Find how far west of its starting point the speed 
boat is, correct to two decimal places. 


N 
20° 
2. o 
x km 5g 
W E 
100 km 
S 
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Problem-solving and reasoning 9, 10 
Н 9 A fishing boat starts from point О and ва! 80 km on a true bearing of | 
140° to point В, as shown below. Ши мэ 5 
a How far east of point О is point B? (Answer to ue кү 
two decimal places.) 
b How far south of point O is point B? (Answer to 
two decimal places.) Hint: Ч 
с What is the bearing of point О from point B? Remember: to find a bearing, face | 


north and turn clockwise. 
N 


N 
A 
>E 
y Bearings are given as a 3-digit angle. 
S 
E 10 A plane flies from point О 50 km due north to point A, and then turns and flies 60 km east 


to point B. 
a Copy the diagram below and mark in the lengths 50 km and 60 km. 


N Hint: Pythagoras' theorem: 
2 = 2+2 


5 
b Use Pythagoras’ theorem to find the distance of В from О, correct to two decimal places. 
€ Use trigonometry to find the size of angle AOB. Round to the nearest degree. 
d What is the bearing of B from О? 
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William and Harry both leave camp, О, at the same time. William 
walks south from O for 10 km. Harry walks west from O for 8 km. 
a Сору and complete the diagram for this question. 

b How far is Harry from William (to one decimal place)? 

c Find the size of angle OWH, correct to the nearest degree. 

d What is the bearing of Harry from William? 


Hint: You can use Pythagoras’ wm 
theorem here. | 


*r Drawing your own diagrams — 


Н 12 Huang walks on a true bearing of 210° Тог 6.5 km. How Таг west of his starting point is he? 


A plane flies on a true bearing of 320° from an airport, A, for 150 km. At this time how far north of the 


airport is the plane? Answer to the nearest kilometre. 


Point A is 10 km due east of point O, and point B is 15km due south of point A. 
a How far is it, correct to two decimal places, from point B to point О? 
b What is the bearing, to the nearest degree, of point B from point O? 
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55 Maths@Work: Surveyor 


Surveyors collect and measure data about land 
and the environment, including measurements 
for subdivisions of new housing estates, new 
roads and open-pit mines. They work with plans, 
files, charts and reports. 


To become a surveyor you can either do a 
university course, requiring Year 12 mathematics, 
or apply to TAFE and complete the training there. 
All courses require a student to have studied 
mathematics. 


Mathematical skills needed in becoming a land surveyor include geometry and trigonometry. Complete 
these questions that a surveyor may face in their day-to-day job. 


1 Refresh your trigonometry skills by finding the value of each pronumeral in the following triangles. All 
measurements are in metres, and give answers correct to two decimal places. 


a b Г] 2 с 

х 2 12 85 

g N 
14 E N 
X 

d e 130 f S 

26 Li 48? 

1200 
N 20 
x > 


al 
In surveying, there are two types of traverse surveys: the closed traverse survey and the open 
traverse survey. 


2 The example below is of a closed traverse survey that could be around a large contained development, 
such as a school or airport. The diagram is not to scale. 
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State answers to the following questions in metres, to two decimal places 
unless told otherwise. 


<2 


Hint: For part a, start by Ф 


Given that marker В is 650 m east of A, calculate the distance АВ. forming a right-angled 
Given that marker C is 900 m south of B, calculate the distance BC. triangle with 4B as the 
Given that marker E is 160 m south of D, calculate the distance DE. hypotenuse. 


Marker E is 600 m east of A and 900 m south of A. Calculate the distance AE. 
Calculate the perimeter of the figure ABCDE, correct to the nearest metre. 
Calculate the true bearing of B from C. 

Calculate the true bearing of E from D. 


с —-. D с с) ст зо 


3 Below is an example of an open traverse survey that could be the simplified model of a section of 
road. The diagram is not to scale. 


N 
A 


a Complete this table of measurements for the open traverse survey above. 
Hints: Draw a large, ruled and labelled diagram with a north-south line at each marker. Recall the 
rules for angles between parallel lines. 


True bearing Angle Distance 
Distance to of the next between line | Distance East | North to the 
the next marker from segments at to the next next marker 
marker the current marker marker (in m (in m 
Marker (metres) marker (clockwise) to 2 d.p.) to 2 d.p.) 
A 98.00 055° 
B 125.36 082° 
С. 157.80 149° 
р 104.42 207° 
E = = = = 


b How far east is marker E from A? Give your answer in metres to two decimal places. 

How far north of marker A is Е? Give your answer in metres to two decimal places. 

4 By considering a right-angle triangle with hypotenuse AE, what is the true bearing of Е from A? 
Give your answer to the nearest degree. 


e 
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Using technology 


4 Use FxDraw or CAD software or another digital drawing program to create a labelled diagram of a 
closed traverse survey for a town park. Your diagram of the park must include: 


survey data. 


a true north line on each marker 
true north bearings of each next marker from each marker 
the length, in metres, of each boundary segment 
internal angles between line segments (these need to be calculated) 
the perimeter of the park 
Your diagram doesn’t need to be to scale but it should be a close representation of the 


Closed Traverse survey data for Penny Park 
True north bearing Distance from Internal angle 
of next marker from current marker to between line 
Marker current marker next marker segments at marker 

A 30° 394m 
B 995 658m 
G 180° 500 ш 
р 266° 590 ш 
Е 3249 360m 
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Building a roof truss 


A house roof is supported by wooden frames called trusses. A truss has a sloping rafter on each side and 
a ceiling joist along the bottom. Several shorter support struts are attached in between the rafters and 
the ceiling joist. 


Modelling 


N o Roof pitch (angle) 
[^ | 


Ceiling joist 


This roof truss is being lowered into position by a crane. How many rafters are there? How many support 
struts can you count? Is the roof pitch an angle or a length? 


Present a report for the following tasks and ensure that you show clear mathematical workings, 
explanations and diagrams where appropriate. 


Note: Each truss shape is symmetrical. Diagrams are not to scale. Ignore the width of all boards. 
Measurements are in mm. Round lengths to the nearest mm and angles to two decimal places. 


Preliminary task 


This truss shown below has ceiling joist AH = 4000 mm and support strut DE = 1000 mm. There are 
many equal lengths as marked on the diagram. 


1000 


TW 


>| 
4000 


£5 


Calculate the length of the roof rafters, DA and DH, that are on each side of this truss. 

b Calculate the pitch of the roof which is the angle between each rafter and the horizontal ceiling 
joist, such as ZDAE. 

Draw and label AABC and calculate the length of the support strut BC. 

State the length of each support strut, e.g. DE = 1000 mm. 

e Determine the area of AADH in m?. 


с o 
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Modelling task 
Formulate А builder's house plans are an example of a mathematical model. 
You are to prepare a report with the requested measurements of the given truss styles. 


The problem is to determine which of the given truss styles gives the greatest volume of ceiling space. 
a With the aid of diagrams, write down all the relevant mathematical rules that can be used to 
calculate lengths and angles in right-angled triangles. 


b With the aid of diagrams, write down the relevant mathematical rules for calculating the 
volume of a triangular prism. 
Solve 
For each truss style below, calculate: 
i length of the rafter AD in mm. 
ii the roof pitch ZBAC to two decimal places. 


iii the length of each support strut in mm. (e.g. DE = 3300 mm to nearest mm where 
necessary). 


iv the area of the truss triangle in m? to two decimal places. (e.g. area of AADH). 


с The Howe Truss 


D 
B 
3300 4 
СА @ Е © Н 
«X > 
11200 
d The Pratt Truss 
D 
B 
3600 А 
A @ Е G H 
9600 


е The Fink Truss 
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Evaluate 
and 
Assume a house of length 15 m uses the same truss style along the full length of the house. 0 
f What type of prism is formed by the ceiling space under the roof? 
g Determine which truss style above (in с, d and е) will allow the greatest volume of ceiling space. 
Justify your conclusion with appropriate calculations of volume in m? to two decimal places. 
ў Communicate 
h Summarise your results in a table with the following headings. 
Truss area in m? | Ceiling space volume in m? 

The Howe Truss 

The Pratt Truss 

The Fink Truss 

Extension question 
Assume a house of length 15 m uses the same truss style along the full length of the house. 
a What shape is each side of its roof surface? 
b Consider each of the truss styles above (in c, d and e) and determine which style will allow the 
greatest surface area of the roof. Justify your conclusion with appropriate calculations of area in 
m? to two decimal places. 
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614 Chapter 9 Pythagoras’ theorem and trigonometry 


What is the opposite direction to: 
а East? b NE? (9 SIE? d 018°? e 300°? 


Use two different right-angled triangles to find the distance from A to B in this 
diagram, correct to two decimal places. 


ЇГ 


Гм 
А В 


Make up your own saying using the letters in SOH CAH TOA ав the first letter of each word. 
5 © H € A H T O A 


In the wordfind below there are 17 terms that are used in this chapter. See if you can locate all 
17 terms and write a definition or draw a diagram for each of them. 


(72) 
= 
— 
~< 
— 
(92) 
сэ 
T 


Puzzles and games 


(|) Ал mS = ae] all mn || | m |] a = 
Z| o| | <| ee | | m m| 2011201 = Гэ гч со, 
—ч| zim o| 2 >| af I Z| | S| ч | 2 
"1702 SA SS з= REL жш] а E 


gales | a 0 eSa –| E со| l т ж(:0 
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5 Find the bearing from A to B in this diagram. 


Trigonometric ratios Hypotenuse Opposite and Adjacent 
The hypotenuse is the In a right-angled triangle the sides 
longest side in a right-angled marked ‘opposite’ and ‘adjacent’ 
triangle. It is opposite the are named according to the 
right angle. angle used. 


4 
СА 
| “и 
So 


ава (еэ) —| iE ge)» as (5) (92) 


Finding angles 


(Use 51117, cos, tant) Finding lengths with 
trigonometry 


4 D 
Ч 7 їапӨ=? Pythagoras’ theorem ^ sin 30° = 5 
3 [ Ө = tan" (3) and x Ёс х= 10 sin 30° 
= one trigonometry ш A^ x=5 

(to the nearest degree) | | 12 
sin 30° = с Ж 

if SE э sin 30° = 12 
Pythagoras’ theorem ш CN x=—— 


For the triangle shown, 
Pythagoras’ theorem is 


Алешшпѕ sajdeug 


| =æ 


True bearings. 
3-digit angle clockwise from north 
N N 
о 060° А 
60° 


>E Wæ 


Finding the hypotenuse c? = 1? + 3? 


pe Bearing of 0 Bearing of A 
Ж earing 0 earing о 
í = 0 7000) from Pis 060”... from Ois 300°. 


Finding a shorter side 52 = x24 32 
Elevation and depression 


Applications 221 
> EL by depr 
^ identifying 


right-angled 
diagrams 


07 Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


v 


О Ий 


| can find the length of the hypotenuse for a right-angled 5cm 
triangle given the length of the other two sides. 

e.g. Find the length of the hypotenuse of this triangle, correct to one 3 cm 

decimal place. c cm 


О : 


| сап apply Pythagoras’ theorem and find the length of 
the hypotenuse in a real situation. 

e.g. Find the length of the longest rod that will fit into this cylinder, correct 
to two decimal places. 


| can use Pythagoras’ theorem to find the length of a 
shorter side in a right-angled triangle. 1217 
e.g. Find the value of a in this triangle, correct to one decimal place. 


10.8 


| can apply Pythagoras’ theorem to solve a range of real-life problems. 
e.g. Two bushwalkers leave their camp at the same time. One walks due south for 5 km and the other 
walks due west for 4 km. How far apart are the bushwalkers at this point. Round to two decimal places. 


three-dimensional solid. 
e.g. Find the distance from one corner of this rectangular prism to the 
opposite corner, correct to two decimal places. 


| can apply Pythagoras’ theorem to find a length in a Таг 
a 


| can write a ratio for sine, cosine and tangent of an angle 
in a triangle with given side lengths. 10 
e.g. Write a ratio for 5110, cos@ and tan8 for this triangle. 6 


| can find a missing length on a right-angled 


8 
15 
triangle given an angle and another side. = Ц 
e.g. Find the value of х in this triangle, correct їо two decimal 
places. * 


Ө, 


| can find a missing length in a right-angled triangle if Г] 
the ргопитега! sits in the denominator of the fraction. 
e.g. Find the value of x in this triangle, correct to two decimal places. х 


ear 10 
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side lengths. 


| can find an angle in a right-angled triangle given any two 
7 px 
e.g. Find the angle Ө in this triangle, correct to one decimal place. н ГЭ. 


11 


| can solve problems in trigonometry using angles of elevation апа 
depression. 

e.g. The angle of elevation to the top of a vertical pole from a point on the ground 50 m away 
horizontally is 27°. Find the height of the pole, correct to the nearest metre. 


| can find angles of elevation or depression in a real situation if given two 
other lengths from a right-angled triangle. 

e.g. Find the angle of elevation of a 40 m high tower from a point which is 30 m horizontally from 
the base of the tower. Round to one decimal place. 


= 
N 


| can interpret a bearings problem and draw a suitable right-angled 
triangle. 

e.g. A yacht travels 10 km on a true bearing of 210°. How far east of the starting point is the yacht? 
Show all this information on a diagram using a right-angled triangle. You do not need to solve the 
problem. 


E 
oO 


| can find an unknown distance in a problem involving bearings. 
e.g. A hiker leaves base camp and walks 8 km on a true bearing of 235°. How far west of base 
camp is the hiker at this point? Round to the nearest degree. 
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Short-answer questions 


9A 1 Determine whether the triangle shown contains a 4 6 
right angle. 


8 


9A/B 2 Find the missing length, correct to two decimal places, in these triangles. 


m a b 8.5 cm 
10 cm 
C 


14.1 m 


5 
o 
2 
Ф 
мы 
íi 
Ф 
jud 
Q. 
(0 
А om 
О 


2mm 


6mm 


9D 3 Which side (AB, AC or BC) of these triangles is: 
i the hypotenuse? ii opposite to Ө? iii adjacent to 0? 


a в b B 
in" l 
cx. 
4u c 


9D 4 Use a calculator to find the value of the following, rounding to two decimal places. 
Н a sin 35° b cos 17? c tan 83? 


9E 5 Find the value of the unknown length (x) in these triangles. Round to two decimal places 


m where necessary. 
X 
Q 
2 
Y 


a b O с 
7 
a № > 


ғ 6 Find the value of the unknown length (x) in these right-angled triangles. Round to two 


m Ж decimal places. 


qst qp | / X Ч 
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9E 7 A4m ladder leans, as shown, against а wall at an angle of 65? to the Á 
horizontal. 
Н a Find how high up the wall the ladder reaches (x m), correct to Wall 
two decimal places. 
b Find how far the bottom of the ladder is from the wall (у гп), correct to 
two decimal places. 


Ladder 


deyo 


9F 8 A section of road has a slope of 10° and gains 100 m 10° Road 
in height. Find the horizontal length of the road EM V 
Е b: d (x m), correct to two decimal places. pae 


Ф 
2 
E 
Ф 
= 
Ф 
= 


96 9 Find Gin the following right-angled triangles, correct to two decimal places. 
Н а р СУ с 5 
3 6 c 
2 
` 1.6 
O N 7 D 
9H 10 Raymond and Sofia view each other from two different 
Н places, as shown. Raymond is on a viewing platform, 
whereas Sofia is 30 m from the base of the platform, on 
the ground. The platform is 30 m above the ground. 
a Find the angle of elevation from Sofia's feet to Raymond's feet. 
b Using your answer to part a, find the distance (x) between Sofia 


and Raymond, correct to 
one decimal place. 


9 =. 11 A hiker walks on a true bearing of 220? from point A for 3 km to point B. 
а Find how far south the hiker has walked, correct to one decimal place. 
E * b Find how far west the hiker has walked, correct to one decimal place. 
с What is the bearing of point A from B? 


Multiple-choice questions 


9A 1 The length of the hypotenuse in the triangle shown is closest to: 


A 10 B 9 С 4 4 
D 100 E 64 
8 
98 2 The length of the side marked x in the triangle shown is: 17mm 
E A 23 B 17 C 12 
D 19 E 15 SET х mm 
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5 
o 
2 
Ф 
мы 
мы 
Ф 
jud 
Q. 
(0 
8 om 
О 


9F 


9F 


96 


9H 


For the shape shown to be a rectangle, the length of the 
diagonal must be: 

A 15m B 8m C 17m 

D 23m E 32m 


nr 
3 


Which side (AB, AC or BC) is adjacent to @ in this triangle? A 
A AC B AB C BC 
D hypotenuse E opposite 


о 
N 
Су 


The value of cos 21° is closest to: 


А -0.55 B 0.9 C 0.9336 
D 0.93 E 0.934 
The value of x in this triangle is: Ц 
А 2 + соѕ60° В 2-586029 ¥ 
C 2xcos60° D 2x sin 60° Е е 
E 2xtan60? 
The value of x in this triangle is closest to: 
A 2.76 B 4.48 C 5.68 
D 444 E 2.73 

х 3.5 

23 Г] 


A metal brace sits at 55° to the horizontal and reaches 4.2 m up a wall. The distance 
between the base of the wall and the base of the brace is closest to: 


А 6.00 т B 241m С 7.32m 
D 5.13m E 294m 
The angle 8 in this triangle is: < 
A 60° B 30° C 26.57? 4 2 
D 20° E none of the above 

Г] 


The angle of depression from the roof of a building to a trampoline is 75°. If the roof is 
12 m above the level of the trampoline, then the distance of the trampoline from the 
building is closest to: 


А 12.42 т В 11.59 т С 322m 
р 44.78 т E 3.11т 
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оо 
3 


Extended-response questions 
Н! A spectator is viewing bungee jumping from a point 50 т to the side but level with the jumping 


platform. 2 
Jumper Spectator нө! 
A Platform F © 
! 50m E 
| / = 
| p = 
E " Ф 
r4 | ЕД « 
ЕІ ү, = 
a, 


a The first bungee jumper has a maximum fall of 70 m. Find the angle of depression 
from the spectator to the bungee jumper at the maximum depth, correct to 
two decimal places. 

b The second bungee jumper's maximum angle of depression from the spectator is 69°. Find the 
jumper's maximum depth, correct to two decimal places. 

c The third jumper wants to do the ‘Head Dunk’ into the river below. This occurs when the spectator's 
angle of depression to the river is 75°. Find, correct to the nearest metre, the height of the platform 
above the river. 


2 Amilitary plane flies 200 km from point O to point B, then west N 
Е Ж 500 km to point А. 


a How far is A from О, to the nearest kilometre? 
b What is angle BOA, correct to the nearest degree? 


с What is the bearing of A from О? У »E 
200 km 
500 km 
S 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Essentialimathematics: why skills with quadratic equations 


are important 
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10A Expanding binomial 
products 

10B Factorising a difference of 
perfect squares 

10C Factorising trinomials of the 
form x? + bx + с 

10D Solving equations of the 
form ax? = с 

10Е Solving equations using the 
null factor law 

10F Applications of quadratics 

10G Exploring parabolas 

10H Graphs of circles and 

exponentials 
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624 Chapter 10 Quadratics and non-linear graphs 


Consider the expression 5 + 2ab — b. 

a How many terms are there? 

b Whatis the coefficient of the second term? 
c Whatis the value of the constant term? 


Simplify each of the following by collecting like terms. 
a 7х-2у-3х b 3ху-4х-ху-5х 


Simplify: 

4a b —24mn 
2 12n 
3| 25204 2507 e хх(-3)-1(9х) Ax? + (2x) 


-up quiz 


a 6a x 3a 


Expand and simplify by collecting like terms where possible. 
a 4(m+n) b —3(2x-4) с 2x(3x+1) 
d 4a(l - 2a) e 5-3(х-04) 5-2(х+3) +2 


Warm 


Factorise each of the following by taking out a common factor. 
a 7x47 Bo 7. 


Solve: 
a 2x+1=0 i 2(062= 3) = 
а Complete this table for y = x?. 

38 23 =2 il 0 1 2 
у 9 


b Plot a graph of y = x? and state if its shape is: 
A linear (i.e. a straight line) 
B non-linear (i.e. not a straight line) 
y 


9- 


8 Answer true (Т) or false (F) to the following. 
а x-3isa solution of x? = 9. 
x = -2is a solution of x? = —4. 
x = 0 is a solution of x(x + 4) = 0. 
х = —5 15 a solution of x? = 25. 
x = 2 is a solution of x(x + 2) = 0. 


10А Expanding binomial products * 


e To know the distributive law in order to expand binomial products 

e То be able to expand and simplify expressions including brackets 

e То be able to expand perfect squares and be able to form a difference of perfect squares 

Key vocabulary: expand, binomial, product, like terms, distributive law, perfect square, difference of perfect squares 


Expressions that include numerals and variables (or pronumerals) are central to the topic of algebra. Sound 
skills in algebra are essential for solving most mathematical problems and this includes the ability to expand 
expressions involving brackets, such as binomial products, perfect squares and the difference of perfect 
squares. Exploring how projectiles fly subject to Earth's gravity, for example, can be modelled with expressions 
with and without brackets. 


o Lesson starter: Why does (x + 1)(х +2) = x? + 3x +2? 


Look at this rectangle with side lengths х+ 1 and x +2. 


* What are the areas of the four regions? 
* Add up the areas to find an expression for the total area. 
e Why does this explain that (x + 1)(х +2) = x? + 3x +2? 


Key ideas 


8 Like terms have the same pronumeral part. 
* They can be collected (added and subtracted) to form a single term. 
For example: 7x — 11x = —4x and 4a? b — Tha? = —3a?b. 


8 The distributive law is used to expand brackets. 


bb Po) = ab + ac 06 10 = ac ad + be + bd 


and a(b — c) 2 ab — ac 


a a b 
bab] eae [be 
J E 


(а + Ь)(с + d) is called a binomial product because each expression in the 
brackets has two terms. 


8 Perfect squares 


(a- b= (^ Xa 3b) ca! ab ba? 


= а2+ 2ab + b? 
(а-5р- (CF pa 2b) = ab—ba+b? 


-a?-2ab + b? 


8 Difference of perfect squares (DOPS) 
(а+ (а — b) =a? — ab + bá — P? 


= д2 – b? 
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Exercise 10А 


Understanding 1-3 


1 Decide whether each of the following is a perfect square (PS) or a difference of perfect 
squares (DOPS). 
a (x+1) b x*-16 c 4x? -25 4 Qx-3y 


2 Copy and complete. 
a a(b-c)- 
b a(b—-c)- 
с (445)1с-4)- 
d (а45Ха-2)- 


ed 


3 Use each diagram to help expand the expressions. Hint: Simply add up all the areas 
a х(х-2) b (х+3)(х+1) с inside the rectangular diagram. 


Example 1 Expanding simple expressions 


Expand and simplify. 


c eS) |) esl = 3) 
Solution Explanation 
а —3(x—3)5-39 X aS Use the distributive law a(b — c) = ab — ac. 
CES A negative times a negative is a positive. 
b -2x(1-x)2-2xx1- (2х) x x Recall: x x x = х2. 
--2x42x? 
Now you try 
Expand and simplify. 
a -2(х-3) Iu == П) 
4 Expand and simplify where possible. 
а 2(х+5) b 3(x-4) c —5х+3) Hint: a(b+0)=ab+ac | СУ 
d -4(x-2) e 3(2x-1) f 43x+1) | 
g -2(5x-3) h —5(4x +3) i x(2x+5) 
j х(3х-1) k 2х(1—х) | 3х(2- х) 
m —2x(3x+ 2) n -3х(6х – 2) 0 —5x(2 – 2х) 
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Example 2 Expanding binomial products 


Expand the following. 
a (х+5)(х+4) 


Solution 


b (2х— 1)(3х+ 5) 


Explanation 


a (x + 5)(x +4) = х2 +4х+ Suge 20 
= х2 +9х+ 20 


b (2х- 1)(3х+ 5) = 6х2 + 10x - 3х – 5 
= 6х2+7х- 5 


Now you try 
Expand the following. 
а (х= D(x47) 


5 Expand the following. 


For binomial products use (a+ b)(c + d) = 
ac *- ad 4 bc + bd. 
Simplify by collecting like terms: 4x + 5x = 9x 


Expand using the distributive law and simplify. 
Note that 2x x 3x =2x3xxxx=6x? and 
—L24 Spem bs llo SE 5 


b (3x-2)4x - 1) 


Hint: (a + Б)(с + d) = ac +ad + bc + bd 


а (x+2)(x+8) b (х+3)(х+4) 

с (х+7)(х+5) d (х+8)(х—3) 

e (х+6)(х— 5) f (х—2)(х+3) 

g (х- 7)(х+3) h (х- 4)(х- 6) і (x-8)x-5) 

j (02х+1)(3х+ 5) К (4x+5)(3x +2) | (5x +3)(2x +7) 
m (3x+2)(3x - 5) n (5х+3)(4х – 2) 0 (2х+5)(3х – 5) 


Example З Expanding perfect squares 


Expand these perfect squares. 
a Et 


Solution 


b (x- 4) 


Explanation 


a ED = Get DT 
= х2 +2x+2x+4 
= х2 +4х+4 
or (x + 2)2 = х2 + 2(х)(2) +22 
= х2 +4х+4 
b (х- 4) = (х- 4)(х—4) 
= x? - 4х - 4х+16 


= х2 – 8x + 16 
or (x - 4 = x? - 2(х)(4) +42 
-х2-8х-16 
Now you try 


Expand these perfect squares. 
a (ek Se 
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First write in expanded form, then use the distributive law. 


(a+b)? = a? + 2ab + b? with a = x and b = 2. 


Rewrite and expand, using the distributive law. 
-4x (-4) = 16 


Alternatively for perfect squares 
(a — b = a? – 2ab + b?. Here a = x and b = 4. 


b (2x- 1)? 
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628 Chapter 10 Quadratics and non-linear graphs 


10А 6 Expand these perfect squares. 


a (x57 b (547) с (х+6)? Hint: Recall 9 
d (х- 3)? e (х- 8)2 f (х= 10) (х + 5)? = (х + 5)(х + 5) 
g (2х-5) h (5х-6) i (7x-1) = 


Expand to form a difference of perfect squares. 


a (х-3Хх-3) b (2x+1)(2x- 1) 
Solution Explanation 
a (х= 3)(x +3) = х2 +3x-3x-9 ххх-х хх3-3х,-3хх--3х, 
22526 EU E 
Note that the two middle terms cancel. 
or(x-3)x43)2x?- 32 (а= Б)(а+ Б) = а2 – b? 
= 52-9 
b (2х+1)(2х— 1) = 4х2 -2x+2x-1 Expand, recalling that 2x х 2х = 4х2. Cancel the 
EVE E —2x and + 2x terms. 
Saber c 
ог (2x + 1)(2х — 1) = (2х)? - (1)? Alternatively for difference of perfect squares 


212: (a— Б)(а+ Б) =a? – 2. 
Here а= 2x and b = 1 апа 
(2х)2 = 2x x 2x = 4х2. 


Now you try 


Expand to form a difference of perfect squares. 


a (х+5)(х = 5) b (3x-2)8x +2) 
7 Expand to form a difference of perfect squares. НИС Те two middle terms 
а (х+4)(х—4) b (х+9)(х—9) will cancel to give | 
с (х+8)(х—8) d (3х+4)(3х— 4) (a+b)\(a-b) =a? - b? 
e (2x-3)2x43) f (8х—7)(8х+7) 
g (4х- 5)(4х + 5) h (2x - 9)(2х+9) 
і (5x - 7)(5х+7) j (7х+11)(7х-= 11) 


Problem-solving and reasoning 8-9(/) 


8 Write the missing number. ( 

а (x-2)(x-3)2x?-x- Hint: Expand if you need to. gt’) 
(х= 4)(x - 3) = х2 -[ |х+12 
(х= 4)(х+4) =x- 
(2x = 1)(2x +1) =[_]x*-1 
(х+2)2 = х2 +[ ]x 44 
(3х = 1)? = 9х2 - | |х+1 


p 
е] 


о оо Б 
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10А Expanding binomial products 629 


9 Write the missing number. 9 
a (х+1)(+2) = х2+5х+6 Hint: Notice how the two numerals in. — (779 
b (x«[ )(х+ 5) = х2+8х+15 the brackets multiply to give the | 
с (х+7)(х-[ )- х2-4х-21 constant term. 
d (x+4)(x-[_) =x? - 4x - 32 
e (x-6(x- =x*-7x+6 
f (x-[_)(x- 8) = x? - 10x 416 


10 Find an expanded expression for the area of the pictures centred 


in these square and rectangular frames. 
Hint: For part a, the side length of the 


a b picture will be (x — 6) cm. 


"s 


Picture x cm 
(x + 30) cm 


11 Each problem below has an incorrect answer. Find the error and give the correct answer. 
а —-x(x — 7) =—-x? -7x 

3a — 7(4 — a) = —4a — 28 

(x — 9)(х+ 9) = х2 – 18x – 81 

(2x +3)? = 4х2 +9 


о о Б 


Yr Swimming pool algebra 


12 A pool company builds rectangular pools that are 5 m longer than they 

are wide. The company then paves around the outside of the pool 

using a width of 2 m. 

a Find an expanded expression for the: yg 798 
i pool area 
ii total area (including the pool and paving) 
iii paved area 

b Find the area of the following when x = 4. 
i the pool 
ii the paved area 
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10В Factorising a difference of perfect 


squares Ж 


e То be able to identify a highest common factor and factorise simple expressions 
e То be able to factorise a difference of perfect squares 
Key vocabulary: factorise, highest common factor, difference of perfect squares 


A common and key step in the simplification and solution of equations involves factorisation. 
Factorisation is the process of writing a number or expression as a product of its factors. 
For example: 6 = 2 x 3, 2x + 6 = 2(x +3), х2 – x = x(x - 1) and x? – 9 = (x + 3)(x — 3). 

In this section we look at expressions in which each term has a common factor and expressions 
that are a difference of perfect squares. 


o Lesson starter: It's just a DOPS expansion in reverse 


Complete each column to see the connection when expanding or factorising a DOPS. 


Expand Factorise 
(x4-2)x-2)2x?-4 x?- 4= (х Хх ) 
(х= 3)(х+3)=х°—9 x2-9=(x у ) 
(2x + 3)(2х — 3) = 4х2 – 9 4x? -9 = (2х X ) 
(7x — 6)(7x+6)=_ = ( Х ) 


® Factorise expressions with common factors by ‘taking out’ the highest common factor. 
For example: —5х — 20 = —5(x +4) and 4x? – 8x = 4x(x — 2). 


8 Factorise a difference of perfect squares (DOPS) using 
a = № = (а + b)(a — Б) 


For example: 
х2-16-х2-42 апд 9x? – 25 = (3x)? – 52 
= (х+4)(х — 4) = (3x + 5)(3х — 5) 
Ехегсіѕе 108 


Understanding 


1 Complete these statements. 


a 2(x+3)=2x+6, $0 2x +6 = 2( ) 
b -4х-1)--4х44, so -4x+4 = -4( ) 
с (x*2)(x-2)2x?-4, so x? -4=( X ) 
d (3х+2)(3х – 2) = 9х2 – 4, so 9x? -4=( у ) 
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2 Determine the highest common factor of these pairs of terms. (9) 
а 7хапа14 b 12x and 30 с —8y and 40 Hint: Include a common negative. a» 
d —5y and -25 e 4а? and 2a f 12a? and да 
g —5a? and –50а h -3x?y and -6xy i —2ab and -6a?b 


Fluency 


Example 5 Taking out common factors 


Factorise by taking out the highest common factor. 


а -3x- 12 b 20a? + 30а 

Solution Explanation 

а =3x— 12-2 —3( 44) -3 is common to both —3x and —12. 

b 20a? + 30a = 10a(2a + 3) The HCF of 20a? and 30a is 10a. Place 10a out 


the front and divide each term by 10a. 


Now you try 


Factorise by taking out the highest common factor. 


а —4х—36 b 145? —21b 
3 Factorise by taking out the highest common factor. 
а 3x—18 b 4x+20 с 7a+7b Hint: Find the highest common factor, @ | 
d^ 02-15 ё-=5х—30 1 -4y-2 then take it out. 
g -12а4-3 h -2ab - bc | 4х2+х 
| 5х2—2х k 65?—18b | 14a? -21a 
m 10a- 5а? n 12x- 30x? й —2x-x 


Example 6 Factorising a difference of perfect squares 


Factorise the following differences of perfect squares. 


a x?-16 b 9a? – 4b? 
Solution Explanation 
a х2-16= (х)? - (4)? Use a? – b? = (a — Ь)(а + b) with a = x and 
= (x - A(x +4) 5-4. 
b 942 – 42 = (3a)? - (2b)? да? = (3a)? since За x За = 9а? and 4b? = (2by?. 


= (За — 2b)(3a 2b) 


Now you try 
Factorise the following differences of perfect squares. 
a — 100 b 1642-8152 
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108 4 Factorise the following differences of perfect squares. 


a x-9 b х?—25 c y’ -49 шилэх 
d у2-1 —-—" р 1-36 Hint: a^ — b^ = (a + Б)(а – Б) 
g 2-144 h 22 – 400 і 4х2-9 
| 3642—25 k 1—81)? | 100-932 
m 25x? - 4y? n 64x? -25y? о 9a? -— 49b? 
5 Factorise these differences of perfect squares. 
a 4-x? b 9-y? Hint: 4 — x2 = 22 — x? now use 
c 36-8 d 100—9x? a-2andb- x. 
е P-a f 400—254? 
g 4a? – 9b? h 16y? 121х2 


Problem-solving and reasoning 6(%), 7 
Example 7 Factorising by first taking out a common factor 


Factorise 125? — 1200 by first taking out a common factor. 


Solution Explanation 

125? — 1200 = 12(y? - 100) First take out the common factor of 12. 
= 12(у — 10)(y +10) 100 = (10)2, use à? - b? = (a — b)(a + Б). 

Now you try 


Factorise 4a? — 36 by first taking out a common factor. 


6 octane the following by first taxing out a common Tae Hen ae ООО 2 
а 2х"-32 b 5x^—-45 с 6y^—24 common factor and then factorise | 
d 3)2-48 e 3х2 - 75у? f 3a? – 30062 the DOPS. 
g 12х2-27у2 h 63d - 1122 i 1082-1475? 


7 The height (in metres) of a falling object 
above ground level is given by 100 — 7, 
where t is in seconds. 

a Find the height of the object: 
i initially (i.e. at t= 0) 
ii after 2 seconds 
iii after 8 seconds 
Factorise the expression 100 — 72. 
Use your factorised expression from part 
b to find the height of the object: 
i initially (i.e. at t= 0) 
ii after 2 seconds 
iii after 8 seconds 
d How long does it take for the object to 
hit the ground? 
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8 We can work out problems such as 19? — 17? without a calculator, like this: 
Hint: Factorise first, using 


2 2 _ _ 
195 — 174 = (19 + 17)(19— 17) 22220071 
=36x2 then evaluate. 

=n 


Use this idea to evaluate the following by first factorising, without the use of a calculator. 


a 162-14 b 182-172 c 132-10? d 152-112 
e 172—152 f 112-9 g 272 – 242 h 522 – 382 


Flexible framing 


9 A special square picture frame can hold a square picture of any size up 


to 40 cm. Frame 
а Using a picture side length of х cm, write expressions for the area of: 
i the picture Picture 
ii the frame (not including the picture) xcm 
Factorise your expression for the frame area. 
Find the frame area when: 1 dcm 
i x=20 ii x=10 


d Using trial and error, what value of x is required if the frame area is to be 700 cm?? 


Н This activity is available on the companion website as a printable PDF. 
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10С Factorising trinomials of the 


form x? - bx ^ c Ж 


e То know the form of a monic quadratic trinomial 
e To be able to factorise a monic quadratic trinomial 
Key vocabulary: monic quadratic trinomial, factor, constant, coefficient, integer 


A quadratic trinomial of the form x? + bx + c is called a monic quadratic because the coefficient of x? is 1. 
(‘Monic’ comes from the word ‘mono’, which means ‘one’.) 


Now consider: (x + m)(x +n) = x? + xn + mx 4 mn 
- х2 (m n)x 4 mn 


We can see from this expansion that mn gives the constant term (с) and m + л is the coefficient of x. This 
tells us that to factorise a monic quadratic, we should look for factors of the constant term (c) that add to 
give the coefficient of the middle term (5). 


o Lesson starter: So many choices of factors? 


We know that to factorise x? — 5x — 24 we must choose a pair of numbers that multiply to give —24. 
Look at the following equations and discuss which of them are true. 


x?- 5x - 24 = (x + 8(x + 3) x? — 5x - 24 = (x + 6)(x — 4) 
x?- 5x - 24 = (x — 12)(x - 2) x?- 5x - 24 = (x 6)(х+4) 
x? - 5x - 24 = (x - 12)(x +2) x? = 5x 24 = (x - 8)(х +3) 
x? = 5x = 24 = (x — 8)(х — 3) x? = 5x - 24 = (x - 24)(х + 1) 


8 Monic quadratics have a coefficient of x? equal to 1. 


8 Monic quadratics of the form x? 4 bx--c сап be factorised by finding the two numbers that multiply 
to give the constant term (c) and add to give the coefficient of x (5). 


х2 + 5x + 6б = (x + 3)(x + 2) нэ x — 3)(х+ 2) 
2+3 22) -342 -3x2 
x2— 5x +6=(x-—3)(x-— 2) х2+ х— 6 = (х + 3)(х —2) 
on = x3) 3 + (2) 3 x (2) 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 © Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Exercise 10С 


Understanding 1-3 
1 Give the missing words or letters. 
a A quadratic has the coefficient of x? equal to 1. 
b To factorise a monic quadratic, we look for factors of the term (c) that add to 
the of x (b). 
2 Find two integers that multiply to give the first number and add : 
to give the second number. 527 
а 18,11 b 20,12 б. —152 Hint: The integers include a 
d -12,1 e -24,-5 f -30,-7 son 3p = LO, 22:27 
g 10,-7 h 36,-15 i -8,7 
3 a i Which two numbers multiply to give 15 and add to give 8? 
ii Complete x? + 8x - 15 = ( X ) 
b i Which two numbers multiply to give 10 and add to give 3? 
ii Complete x? + 3x – 10 = ( X ) 
с i Which two numbers multiply to give 8 and add to give —6? 
ii Complete x? - 6х+8 =( X ) 
Fluency 
Example 8 Factorising trinomials of the form x? + bx + с 
Factorise: 
E 7 b х2+х-6 c х2-5х-6 
Solution Explanation 
a х2+7х+12= (х+4)(х+ 3) 3х4= 12 апі 3+4=7. 


Check: (x + 4)(х+ 3) = х2 + Зх +4х+ 12 = x? + 7x + 12. 


b х2+х-6= (х - 2)(х+ 3) Since the numbers must multiply to —6, one must be 
positive and one negative. 
—2x3=—6 and —2-; 3— I 
Check: (x = 2)(x + 3) = x2 + 3x -2x -6=x74+x-6. 


c х2- 5х+6= (х – 3)(х— 2) =3 x (=2) 26 and =3 (22) = 5. 
Check: (x -3(x – 2) = x? - 2x - Зх+6 = x2 - 5х+6. 


Now you try 
Factorise: 
аг 36 b x*+7x-8 сох2-8х-020 
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636 Chapter 10 Quadratics and non-linear graphs 


4 Factorise these quadratic trinomials. 


Hint: For х2 + bx + c, look for factors B 


a х2+7х+6 b х2+5х+6 x7 +6x+9 

d х2+7х+10 е 2247x412 х2+11х+18 анаша да 
g х2-5х-6 h x*+x-6 х2 +2х - 8 

| х2+3х-4 k х2-7х-30 x? +9х - 22 

m х2-7х-10 n x2- 6х+8 x? - 7х+ 12 

р х2-2х-1 q x?-9x418 х2-11х-18 

s x-4x-12 t х2-х- 20 х2 = 5х- 14 

v x-x-12 w x-4x - 32 x? - 3x - 10 


Factorise x? — 8x + 16 to form a perfect square. 


Solution Explanation 


x?- 8x + 16 = (x - 4)(x — 4) 
= =" 


—4 x (-4) = 16 and -4 + (-4) =-8. 
(x — 4)(х — 4) = (x — 4)? is a perfect square. 


Now you try 


Factorise x? — 10x + 25 to form a perfect square. 


5 Factorise these perfect squares. 9: 
a х2-4х-4 b х2+6х+9 Hint: Factorise perfect squares just Ф 
like апу trinomial but finish by 
2 2 
с х +12х+36 d x°- 14х+49 writing them in the form (x + a). 
e х2-18х-81 f х2-20х-100 
g х2+8х+ 16 h х2+20х+ 100 


Problem-solving and reasoning 6, 7(%) 


Factorise 2x? — 10x — 28 by first taking out a common factor. 


Solution Explanation 


First take out the common factor of 2. 
—]1x22-14and -7422-5. 


2x? - 10x - 28 = 2(x? - 5x – 14) 
= 2(х - 7)(x +2) 


Now you try 


Factorise 3x? — 18x + 15 by first taking out a common factor. 
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6 Factorise by first taking out the common factor. 


a 2x! 14x20 b 3х2+21х+36 HintFacoroute WN, 
c 2x2 4 22x 4 36 d 5x- 5x — 10 coefficient of x7. 0 
e 4x?- 16x - 20 f 3х2-9х-30 
g —2x?- 14х- 24 h -3x249x-6 
і —2x2 10x 428 | -4х2-4х-8 
k —-5x2-20x- 15 | 7х2 +49х – 42 
7 Factorise these as perfect squares after first taking out the common factor. 
a 2x)«44x 4 242 b 3х2-24х-48 
с 5х2 – 50x 4 125 d -3х2-36х-108 
е -2х2-28х-098 f -4х2-72х-324 


8 A rectangular garden has length 3 m more than its width, x m. There is a pond of area 10 m? in the 
centre. 


a Find an expression for: 
i the entire area (Expand your answer.) 
ii the garden area, excluding the pond 
Factorise your answer from part a ii. 
What is the area of the garden, excluding the pond, when: 
i х= 5? ii х= 7? 


Algebraic fractions 


9 Some algebraic fractions can be simplified using factorisation. 


Here is an example: (2 
х2—-х—12 _ (х-—4)(х + 3) ae Hint: First factorise the numerator or | 
х-4 x—4 denominator, then cancel. 
Use this idea to simplify these fractions. 
x?-3x-54 х2+х- 12 x?- 6x49 
а — j £x > c Xz 6х+9 
х-9 x+4 х-3 
x+2 4 X3 f х-1 
х2 +9х +14 х2-8х-15 х2-5х-6 
х2-4х-4 х2-2х-1 :х2-16х-64 
4 ———5— ho" į х 10x TOT 
х-2 х-1 x-8 
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10D Solving equations of the form ax? = c * 


e То know that a quadratic equation can have О, 1 or 2 solutions 
e То be able їо solve a quadratic equation of the form ax? = с 


Key vocabulary: quadratic equation, solve, exact, surd, square root 


A quadratic equation can be expressed in the general form ax? +bx+c = 0, where a, b and c are real numbers 
with a # 0. In a quadratic equation the highest power is 2. The simplest quadratic equation can be expressed 
in the form x? = c and these will be considered in this section. 

We will see that since 52 = 5 x 5 = 25 and (—5)* = —5 x (—5) = 25, there are two possible solutions to the 
equation x? = 25; i.e. x = 5 or x = —5. However, note that x? = —25 has no solutions. 

This simplest form of a quadratic equation arises in many circumstances, including in Pythagoras' theorem 
and in area and volume formulas. Formulas involving motion, including the velocity of a constantly accelerating 
object and the time taken for an object to fall due to gravity, also give rise to quadratic equations. 


o Lesson starter: How many possible solutions? 


List all the pairs of numbers that multiply to 16. 

List all the pairs of numbers that multiply to —16. 

What do you notice about the signs of your pairs of numbers that multiply to 16? What about the signs 
of the numbers that multiply to 716? 

How many of your listed pairs satisfy x x x = 16? 

Are there any pairs that satisfy x x x = —16? 

From what you have found above, how many values of x would make the following true? 

a x?-9 b x*=-9 


8 A quadratic equation is an equation in which the highest power is 2. 
For example: x? = 9, 2х2 - 6 = 0 and x? - 2x = 8. 
e A quadratic equation may have 0, 1 or 2 possible solutions. 

8 The square of a number is always positive or 0; i.e. x? > 0 for all values of x. 
For example: (2? 22 x2 = 4 and (-3)? = -3 х (-3) = 9. 

8 The inverse operation of squaring is the square root, ү . 


e N4-2since2x2-4. 
e УМ x v7 =7 


8 When х2 = с, then x =+ үс provided that c 2 0. 
e + represents two possible solutions: +үс and —Ve. 
e c-0 gives just one solution since V0 = 0. 


8 When х2 = с апа с < 0, there are no real solutions. 
8 Square roots that do not reduce to whole numbers are called surds and can be left in this exact 


form; i.e. 42, VIO, ... etc. 
For example: 425 is not a surd as 25 is a square number and N25 = 5. 
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8 To solve equations of the form ax? = c, make x? the subject and then take the square root 
of both sides to solve for x. 


8 In practical problems such as those involving measurement, it may make sense to reject 


the negative solution obtained. 


Exercise 10D 


Understanding 


1 List the first 12 square numbers. 


2 Evaluate the following. 


Hint: Start at 12 = 1, 22 =... 


a 4 b 9? e 7 Hint: 42 =4x4 =... 

d (-3* & (F f (ly сг 
3 Evaluate the following. 

a 436 b —v49 с —\100 Hint: V4 = 2 since 2? = 4. 

d v0 e 400 f 1600 


4 Complete the following. The equation x? = c has: 


a two solutions when 
c no solutions when 


b one solution when 


Fluency 


Example 11 Solving equations of the form ax? = c 


Find all possible solutions to the following equations. 


а — 16 77:22:12) с х2--25 
Solution Explanation 
а х2=16 Take the square root of both sides to solve for х. If x? = c, 
21 where c > 0, then х= + Ve. 
2050 Since 16 is a square number, 416 is a whole number. 
+ represents two solutions: +4 since (+4)? = 16 and —4 since 
(-4)? = 16. 
b 3x*=12 First make x? the subject by dividing both sides by 3. 
227 Take the square root of both sides to solve for x. 
х = : s А 
This gives two possible values for x: +2 and —2. 
„х= +\4 
if Sac 2 
c x22-25 Since x? > 0 for all values of x, there are no values of x that 


There are no solutions. 
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640 Chapter 10 Quadratics and non-linear graphs 


10D) Now you try 


Find all possible solutions to the following equations. 


а x?=64 b 2x?-18 c x?2-36 
5 Find the possible solutions for x in the following equations. 9 
a x2-25 b x?-81 с x2-36 Hint: When taking the square root, бүл, 
don't forget +. | 
d х2-49 e х2--16 f 2=-100 “мн 
g x?-400 h x?-144 i 2x*=50 e 
А РЕ —5у2—— 62 _ 2) 
| P - 48 k Эр S | -5х--20 Hint: 5 x? is the same as 2 | 
xt. x^ 12 
m 5 =32 n 3 =27 0 5x 18 


Find all possible solutions to the following equations. 


а х2 = 10 (Give your answer in exact surd form.) 
b 3х2 = 9 (Give your answer to one decimal place.) 


Solution Explanation 
a х?=10 Take the square root of both sides. 
11 Since 10 is not a square number, leave your answer in exact 


surd form + N10, as required. 


b 3x*=9 Divide both sides by 3. 
х? =3 Take the square root of both sides. 
ЕЕЕ В Use а calculator to evaluate + V3 = 1.73205... and round your 
x=+1.7(to 1 d.p.) answer to one decimal place, as required. 
Now you try 


Find all possible solutions to the following equations. 


а х? = 29 (Give your answer in exact surd form.) 
b 5x? = 55 (Give your answer to one decimal place.) 


6 a Solve the following equations, where possible. Leave your answer in exact surd form. 
4 aa P [4 
| x2-14 ii х2=22 iii х2-17 2 
iv x2=-7 у 3х2—15 vi 4x2 24 Hint: 414 is exact surd form. 
2 2 
= xX ш X olg 
vii —=7 viii =3 ix =x*=3 
3 2 5 
Е р Solve these equations, giving your answers to one decimal place. 
i х2-12 
li x? =35 
iii 3x? = 90 
2 
X 
iv —=7 
9 
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641 


10D Solving equations of the form ax? = c 


Find the exact solution(s), where possible, to the following equations. 


а x2-920 
3 
= 
с 5 324 x2 
Solution 
a х2-9=0 
x7 =9 
х= +9 
Peu) 
b х2+12=0 
х2 = –12 
There is no real solution. 
2 
d lg 
C 7 3-4 
2 
Pm 
а 
х= 1А 
х= + 14 


d 7-x?26 
-х2--1 
2) 
х= 
х= +1 
аав [| 


= = ss «e (0); 


Now you try 


b х2-12-0 
d 7-x*=6, x<0 


Explanation 


Make x? the subject by adding 9 to both sides. 
Solve for x by taking the square root of both sides. 


Make x? the subject by subtracting 12 from both sides. 
Since x? is positive for all values of x, x? = c, where c is negative 
has no real solution. 


Solve for x? by adding 3 to both sides and then multiplying both 
sides by 2. 


Take the square root of both sides to solve for x. N14 is the exact 
form of the answer. 


Note the restriction that x must be a positive value (i.e. » 0), 
so reject the solution x = —vI14. 


Subtract 7 from both sides and then divide both sides by —1. 
Alternatively, add x? to both sides to give 7 = x? + 6 and then 
solve. 


ЧГ- 1 since 1? - 1. 
Reject the solution x = 1 because x « 0. 


Find the exact solution(s), where possible, to the following equations. 


а x2-25-20 
2 
с ое x>0 
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100 7 Find the exact solution(s), where possible, of these equations. 


a х2-4=0 b х2-81=0 c х2-16-0 © 
d х2-10-0 е х2+6=15 f x2-5=10 Hint: First get your equation in the ' 
2 form x? = с. 
g 2x*-6=0, x>0 h 3x7+10=13 i 5 *4-25, x>0 
j 107x223, x «0 k 5-x?27 | 4-х2--1, x50 
Problem-solving and reasoning 8-11 
8 Solve these equations by first collecting like terms. Hint: Rewrite the equation in the form 4 
а 3х2 = 2х2+16 р 4х2= 2х2 +18 x? = сбу collecting х2 terms on one 
с 4хХ2-11-3х2-16 d x2=50-x2 side and the number on the other. 
e 2х2+5= 17 - х? f 4х2+8=2х2+5 3х2 = 2x2 + 16 
-232 Coe 16 -2x2 


9 The area of a square is 36 m?. What is its perimeter? 


10 The distance, d metres, that a bird dives in t seconds is given by d = 52. How long does the bird take 
to dive 80m? 


11 Recall Pythagoras’ theorem: с2 = à? + 22. 


b 


Use this to find the unknown side length in the following triangles. Give your answers in exact form. 


a b 

2 2 їй Hint: Set up the Pythagorean (77977) 

x equation first. 
5 
6 

с d 2 

x 8 

X 
9 
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Н 12 The volume of a cylinder is V = zr?h, where r is the radius and h 
is the height of the cylinder. If the volume of a cylindrical water Hint: л72(15) can be written as 157 di^ 
tank is 285 m? and its height is 15 m, determine its radius, to one 
decimal place. 


Eg 13 a Solve the equation zr? = 24, to find two possible values for r, rounded to one decimal place. 
b Given that А = zr? is the formula for the area of a circle of radius г, what restriction does this place 
on your answer to part a if the area of the circle is 24 units”? 


14 Determine for which values of b the equation x? — b = 0 has: x е E 
: . ) Hint: For Questions 14 & 15, ub 
a two solutions b one solution c no solutions first salve Tor i. 
15 Determine for which values of b the equation x? +b = 0 has: 
a two solutions b one solution c no solutions 
16 a Solve the equation x? — 25 = 0. fe 
b Hence, determine the range of values of x for which: ТИГ 007120 
. "= = t | 
| 35-2540 ii x-2590 your answer to part a. 


* Square powers and brackets 


17 Consider the following example. 
Solve (x + 1)? = 16 


х+1=+ 416 (Таке the square root of both sides.) 

х+1=+4 

х+1=4 or x-12-4 (Write each equation separately.) 
х-3 or хэ-5 (Subtract 1 from both sides.) 


Use this method to solve these equations. 
a (х+1)2=9 b (x+3)?=49 с (х-2)2=4 d (х- 5)2= 16 
е (2х+1)2=25 f (2х-1)2=1 g (x-2)?=4 h (4х - 3)? = 81 
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10E Solving equations using the 


null factor law Ж 


e To understand how the null factor law gives solutions to an equation 
e То be able to factorise and solve a quadratic equation using the null factor law 


Key vocabulary: null factor law, product, standard form, factor 


In previous chapters you would have solved linear 
equations such as 3x = 9 and 2x — 1 = 5, and 
you may have used 'back tracking' or inverse 
operations to solve them. 

For quadratic equations such as x? — x = 0 or 
x? — x — 20 = 0, we need a new method, because 
there are different powers of x involved and 'back 
tracking' isn't useful. 

The result of multiplying a number by zero 
is zero. Therefore, if an expression equals zero 
then at least one of its factors must be zero. This 
is called the null factor law and it provides us 
with an important method that can be utilised to 
solve a range of mathematical problems involving 
quadratic equations. 

Such equations relate to the engineering of bridges, for example, which use parabolic arches. 


o Lesson starter: How does the null factor law work? 
Start this investigation by completing this table. 

х -5 -4 -3 -2 =l 0 1 2 
(x — D(x +4) 6 
e Which values of x make (x — 1)(x +4) = 0? Why? 


e Could you work out what values of x make (x — 1)(x + 4) = 0 without doing a table? Explain. 
e What values of x make (x - 2)(x +3) = 0 or (x+ 5)(x - 7 = 0? 


8 The null factor law states that if the product of two numbers is zero, then either or both of 
the two numbers is zero. 
e [ахь = 0, then a=0 and/or b = 0. 


8 To solve a quadratic equation, write it іп standard form (i.e. ax? + bx + c = 0) апа factorise. 
Then use the null factor law. 
For example: x?-2x-8-20 
(х= 4)(x+ 2) =0 
х-4-00гх-42-0 
a4 xm 
e If the coefficients of all the terms have a common factor, then first divide by that 
common factor. 
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Exercise 10Е 
Understanding 1-3 
1 Complete the following. 
a lfaxb=0, the null factor law states that Or | 
b If the coefficients of all terms in an equation have а then divide by that 


2 a Complete this table for the given values of х. 
x =3 =2 -1 0 1 2 
(x + 2)(х — 1) 


b What values of x make (x + 2)(x — 1) = 0? 
c What values of x would make (x + 3)(x – 2) = 0? 
3 Copy and complete: 
a x(x-2)20 b (х= 1)(х+4) = 0 
х= 00ог -0 х= 1=00ог = 0 
с (х+6)(2х- 7) = 0 
= 0 ог -0 
x= ог2х = 


x=-60r x=__ 


Fluency 


Example 14 Using the null factor law 


Use the null factor law to solve these equations. 


а = e b (х= 1)(2х+ 5) = 0 
Solution Explanation 
а =O 
x=Vorxv=1=0 Set each factor equal to zero. 
x= O0rx= Í For x - 1 = 0, add 1 to both sides to finish. 
b (х—1)(2х+5)=0 Set each factor equal to zero and then solve 
x= [| = @ бү ®зс--5 =® each linear equation. 
x=l er 2xe-5 
пе оге = - 
Now you try 


Use the null factor law to solve these equations. 
a x(x+7)=0 b (х+6)(3х -2)=0 
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646 Chapter 10 Quadratics and non-linear graphs 


ЕЭ 4 Use the null factor law to solve these equations. 


Ш 
D 
хэ 


a xx*1)-0 b xx-3)-0 Hint: Null factor lawifaxb=0, e 
с 2x(x-4)=0 d (х= 3)\(x+2)=0 then either a = 0 or b = 0. 
e (x+5)(x-4)=0 f (x-1D(x-1)20 
g Qx-4(x41)20 h 3x-2)x-7)20 
i 3x(4x+5)=0 j (Ох—-1)(3х+7)=0 
К (4x -5)(5x+2)=0 | (8x +3)(4x +3) 20 
Solve x? – 2x = 0. 
Solution Explanation 
х2-2х-0 Factorise by taking out the common factor x. Apply the null 
x(x — 2) =0 factor law: if a x Б = 0, then a=0 or b=0. 
О) Solve for х. 
& aee gr x=? 
Now you try 
Solve 5x? + 30x = 0. 
5 Solve the following quadratic equations. — 9 
a х -4х-0 р х2-3х=0 m i take as the m 277 
Г, n n r Е 
с де) d зх2—12х=0 actor, then use the null factor law. 
e 2x2- 10x20 f 4х2-8х-0 
Solve x? — 16 = 0 by factorising the DOPS. 
Solution Explanation 
х2-16-0 Note that x? — 16 is a difference of perfect squares. 
(x +4)(x — 4) =0 х2-16-32-4 = (х + 4)(х – 4) 
x+4=00rx-4=0 Solve each linear factor equal to zero to finish. 
x=-4orx=4 
Now you try 
Solve x? — 81 = 0 by factorising the DOPS. 
6 Solve the following by factorising the DOPS. С 
a х2-25-0 b x?-36-0 Hint: Recall 4x2 = (23)? = 
c x «10020 d 4x*-9=0 
e 9х2-16-0 f 4932-81-20 
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Example 17 Solving quadratic equations 


Solve the following quadratic equations. 


a х2-5х-6-0 


b х2+2х+1=0 


Solution Explanation 
a х2-5х+6=0 Factorise by finding two numbers that multiply to 6 and 
(х-3Хх-2)-0 ПОМО =3: =3 x (2) = 6 ane =3 +52) = 65 


& x23 | у 2 е (0) 
2 зебоед 


b х2+2х+1=0 
(х + 1)(х+ 1) = 0 
(х+ 1)? =0 
2, sese Test) 


& ape il 


Now you try 


Apply the null factor law and solve for x. 


1541 == ЇЇ amet 11451452. 


(x D(x- 1) = (х+ 1)? is a perfect square. 
This gives one solution for x. 


Solve the following quadratic equations. 


a х2+11х+30=0 


b х2-8х-16-0 


7 Solve the following quadratic equations. 


a х2-3х-2-0 b 
c х2-6х-8-0 d 
e х2+4х- 12-20 f 
g х2-х-20-0 h 
| x2-12x 43220 j 
k х2-10х-25-0 | 
m х2-14х-49-0 п 


х2+5х+6= 0 Hint: Parts | to п are perfect squares, 2 
x2 -7x+10=0 so you will find only one solution. 
х2-2х-15-0 

х?—5х-24=0 

х?+4х+4=0 

х2-8х-16-0 

x? – 24x + 144 - 0 


Problem-solving and reasoning 8(%),9 


8 How many different solutions for x will these equations have? 


a (x-2)(x-1=0 b 
d (x-3)x-3)20 e 
g (x42)? -0 h 


9 The height of a paper plane above floor level, in metres, 
is given by -i — 10), where t is in seconds. 


а Find the height of the plane after: 


i 2 seconds 
ii 6 seconds 


b Solve -и@- 10) = 0 for t. 


c How long does it take for the plane to hit the ground 


after it is launched? 


(х+ 7)(х+ 3) = 0 с (х+1)(х+1) = 0 
(x + N2)x – ¥2) = 0 f (х+8)(х—\5)=0 
(х+ 3)2 = 0 i 3(2х+ 1)2=0 
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648 Chapter 10 Quadratics and non-linear graphs 


ЕЭ 10 Solve by first taking out a common factor. 


2 = 2 
: xi ша Hint: First take out the common 1 
b 2x'-20x-22-0 factor, then factorise before using 
с 3x2- 18x 42720 the null factor law. 
d 552-20х-20-0 


Ж Photo albums - 


11 A printer produces rectangular photo albums. Each page has a length 
5 cm more than the width, and includes a spot in the middle for a 
standard 10 cm by 15 cm photo. 

a Find the area of the photo. 
b Find an expression for: 

i the total area of a page 

ii the border area of a page (i.e. excluding the photo) 
с Factorise your expression for the border area. 

For what value of x is the border area equal to zero? 


Border 


(x + 5) cm 


e For what value of x is the border area equal to 350 cm?? 


Fi 


This activity is available on the companion website as a printable PDF. 


Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 
CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


10F Applications of quadratics Ж 


e То be able to set up a quadratic equation from a simple worded problem 
e Tobe able to solve a problem in a real context using a quadratic equation and the null factor law 


Key vocabulary: define, pronumeral, solve 


Defining variables, setting up equations, solving equations 

and interpreting solutions are all important elements of 
applying quadratics in problem solving. For example, the area 
of a rectangular paddock that can be fenced off using a limited 
length of fencing can be found by setting up a quadratic 
equation, solving it and then interpreting the solutions. 


© Lesson starter: Rectangular quadratics 


The length of a rectangular room is 4 m longer than its width, which is x metres. Its area is 21 m?. 


e Write an expression for the area using the variable x. (х +4) т 
e Use the 21 m? area fact to set up an equation equal to zero. 
e Factorise and solve the equation to find x and then find the dimensions 

of the rectangle. 21 m? 


Key ideas 


8 When applying quadratic equations: 
Define a pronumeral; i.e. ‘Let x be ...’. 
Write an equation. 

Solve the equation. 


e 
e 
e 
* Choose the solution(s) that solves the equation and answers the question. 


Exercise 10F 


Understanding 


1 Write expressions for each of the following. 5 
а The length of a rectangle if it is 4 more than its width, х. Hint: An example of an expression ә 
b The length of a rectangle if it is 10 more than its width, х. Pes 
c The length of a rectangle if it is 7 less than its width, x. 
d The height of a triangle if it is 2 less than its base, x. 
e The height of a triangle if it is 6 more than its base, x. 


2 Rearrange these equations so that there is a zero on the right-hand side. Do not try to 


solve the equation. 

a х2+2х= 3 Hint: Subtract from both sides to 172 
2 give а zero on the right-hand side. 

D х”=3Зх=5 


с х2-7х-4 
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КЭ 3 The given steps for solving a mathematical problem are in the wrong order. Give the correct order. 


A Solve the equation 

B Define a pronumeral 

C Choose the solution to answer the question 
D Write an equation 


Fluency 


Example 18 Finding dimensions 


The area of a rectangle is fixed at 28 m? and its length is 3 m more than its width. Find the 
dimensions of the rectangle. 


Solution Explanation 
Let x m be the width of the (х + 3) тп 
rectangle. 
Length = (x +3) т ЕЗ 
x(x + 3) = 28 Write ап equation for area using the given information. 
х2 +3x — 28 =0 Then write with a zero on the right and solve for x. 
(x+7)(x = 4) =0 
== ога Disregard x = —7 because х must be greater than zero. 
Choose x = 4. 
Rectangle has width 4 m Answer the question in full. 


and length 7 m. 


Now you try 


The area of a rectangle is fixed at 72 т? and its length is 6 m more than its width. Find the 
dimensions of the rectangle. 


4 A rectangle has an area of 24 m?. Its length is 5 m longer than its width. 


(х + 5)m 


“| зөв | 


Copy this sentence: ‘Let x m be the width of the rectangle.’ 

Write an expression for the rectangle’s length. 

Write an equation using the rectangle’s area. 

Write your equation from part ¢ with a zero on the right-hand side, and solve for x. 
Find the dimensions of the rectangle. 


o &o0o > t 
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5 Repeat all the steps in Question 4 to find the dimensions 
of a rectangle with the following properties. 
a Its area is 60 m? and its length is 4 m more than its width. 
b Its area is 63 m? and its length is 2 m less than its width. 
с Its area is 154 mm? and its length is 3 mm less than its width. 


6 A triangle’s area is 4 cm? and its height is 2 cm more than its base. 


a Write an expression for the area of the triangle, using A = Lon, 


b Write an equation using the 4 cm? area fact. 

с Multiply both sides by 2 and write your equation with a zero on the 
right side. 

d Solve your equation to find the base and height dimensions of 
the triangle. 


Hint: Carefully set out each step, as 


in Example 18 and Question 4. 


(x 4 2) cm 


x cm 


7 Find the height and base lengths of a triangle that has an area of 7 m? and height 5 m less 


than its base. 


Problem-solving and reasoning 


8 The product of two consecutive whole numbers 
(x and x + 1) is 132, so x(x + 1) = 132. 
а Expand the equation and make a zero on the right side. 
b Solve the equation to find the two values of x. 
c List the two pairs of consecutive numbers that multiply to 132. 


9 The product of two consecutive numbers is 72. Use a quadratic 
equation to find the two sets of numbers. 


10 A 100 m? hay shed is to be expanded to give 475 m? of floor space in 
total, as shown in the diagram. Find the value of x. 


100 m? 


10m 


xm 


xm 
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Hint: ‘Product’ means ‘multiply’. ab 
‘Consecutive’ means ‘next to’; 

e.g. 4 and 5 are consecutive 

whole numbers. 


Hint: Let x be the smaller number. @ 1 


Hint: Find an expression for the 
total area using x, then set 
equal to 475. 
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652 Chapter 10 Quadratics and non-linear graphs 


КЭ 11 A square hut of side length 5 m is to be surrounded with a verandah of width x metres. Find the 
width of the verandah if its area is to be 24 m?. 


Hint: What is the side length of the 
fx m verandah? 


Ж Projectile maths 


12 A ball is thrust vertically upwards from a machine on the ground. The height (Л metres) after 
t seconds is given by л = t(4 — t). 
a Find the height after 1.5 seconds. 

Find when the ball is at a height of 3 m. 

Why are there two solutions to part b? 

Find when the ball is at ground level. 

Find when the ball is at a height of 4 m. 

Why is there only one solution for part e? 

g 15 there a time when the ball is at a height of 5 m? Explain. 


= 0 о о Cc 


13 The height, Л (in metres), of a rocket is given by Л = —x? - 100x, where x metres is the horizontal distance 
from where the rocket was launched. 
a Find the values of x when Л = 0. 
b Interpret your answer from part a. 
c Find how far the rocket has travelled horizontally when the height is 196 m. 
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и ы би Та. 


F XE 


цн. 


i: 


Expand the following. 
a (x+2)(x+6) 

р (2х-313х-5) 

о (ise {95е = 5) 


Expand the following. 
a 0 

b (2х—3)? 

с (х- 5)(х+ 5) 

d (3+ 4)(3х- 4) 


Factorise these differences of perfect squares. 
а x?-4 

b 52-81 

с 9х2-25 

d l6x?-495? 


Factorise these trinomials. 
28 oo, A 

b х2-2х- 15 

с x- 5х+4 

d 10x25 


Factorise the following by first taking out the common factor. 
du 

b 12у2- 27 

с 2х2 + 10х - 28 


Find all possible solutions to the following equations. Give exact answers. 


a x*=25 

b 2x?=72 

c x7=14 

d х2-9-0 

e х2-2=9 

f 6-х2-2,х«0 


Use the null factor law to solve these equations. 
a x(x+2)=0 

р (x-3)(x+3)=0 

с Qx- 1)(х+4) =0 


Factorise these quadratic equations and then apply the null factor law їо solve. 
2-4х-0 

х х= 

х2-36-0 

х2-3х-40-0 

Gr = =N 

4x? -120 

х2-8х-16-0 


The area of a rectangle is fixed at 21 m?.. If its length is 4 m more than its width, find 
the dimensions of the rectangle. 


d 


-— 
О 
© 
-— 
(D 
0 
Ф 
© 
= 
N 
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10G Exploring parabolas Ж 


e To understand that a parabola is a graph of a quadratic relation 
e To be able to identify key features of a parabola 
e To be able to sketch transformations of y — ps using simple dilations, reflections and translations 


Key vocabulary: parabola, non-linear, plot, turning point, intercept, vertex, minimum, maximum, transformations, 
dilation, reflection, translation, axis of symmetry 


One of the simplest and most important non-linear 
graphs is the parabola. When a ball is thrown or 
water streams up and out from a garden hose or 
fountain, the path followed has a parabolic shape. 
The parabola is the graph of a quadratic relation 
with the basic rule y = x?. Quadratic rules, such as 
у =(х— 1)? and y = 2x? - x — 3, also give graphs 
that are parabolas and are transformations of the 
graph of y = x?. 


o Lesson starter: To what effect? 


To see how different quadratic rules compare to the graph of y = x?, y 
complete this table and plot the graph of each equation on the same À 
set of axes. 9 
8 
7 
x =з =2 =] 0 1 2 3 
yı =x? 9 4 5 
y2 = -х3 -9 4 
уз=(х- 2)2 | 25 | 16 9 : 
ya=x -3 6 1 
< »-X 
8 For all the graphs, find such features as the: -3 -2 -19| 1 2? 3 


e turning point 
e axis of symmetry 
e y-intercept 
e x-intercepts 
@ Discuss how each of the graphs of ул, уз and уд compare to the graph of 
y = x*. Compare the rule with the position of the graph. 


ә 
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Key ideas 


® A parabola is the graph of a quadratic relation. 


The basic parabola has the rule y = x?. 


The vertex (or turning point) is (0, 0). 


It is a minimum turning point. 
Axis of symmetry is x = 0. 
y-intercept is 0. 

x-intercept is 0. 


8 Simple transformations of the graph 


of y = x? include: 


dilation 


reflection 


8 Turning points can be a maximum or a minimum. 


VEA 


Minimum Maximum 
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Exercise 10G 


Understanding 1,2 
1 Complete this table and grid to plot the graph of y = x?. y 
À 
х|-31-21-110 |11 2 3 9 
8 
y 9 5 
6 
5 
4 
3 
2 
1 
PX 
-3-2 -10| 1 2 3 
y 


2 Write the missing features for this graph in the sentences below. 

a The parabola has a (maximum or minimum) turning point. 
b The coordinates of the turning point аге |) 

с They-interceptis . 

4 The x-intercepts аге and 

e Тһе axis of symmetry 15 0) 


Fluency 


Example 19 Identifying key features of parabolas 


Determine the following key features of each of the given graphs: 
i turning point and whether it is a maximum or minimum 


ii axis of symmetry iii x-intercepts iv y-intercept 
a y b y 
x 
27 
=I 
va, -4) 
Solution Explanation 
а і Turning point is a minimum at (1, —4). Lowest point of graph is at (1, —4). 
ii Axis of symmetry is x = 1. Line of symmetry is through the 
iii x-intercepts at —1 and 3. x-coordinate of the turning point. 
iv y-intercept at —3. x-intercepts lie on the x-axis (y = 0) and 
the y-intercept on the y-axis (x = 0). 
Continued on next page 
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10G Exploring parabolas 657 


b i Turning point is a maximum at (—2, 0). Graph has a highest point at (—2, 0). 
ii Axis of symmetry is x = —2. Line of symmetry is through the x-coordinate of 
ili, x-intercept at —2. the turning point. 
iv y-intercept at —4. Turning point is also the one x-intercept. 

Now you try 


Determine the following key features of each of the given graphs: 
i turning point and whether it is a maximum or minimum 
ii axis of symmetry iii x-intercepts iv y-intercept 


=; 


3 Determine these key features of the following graphs. 


i turning point and whether it is a maximum or minimum Hint: An axis of symmetry is 
” ' described by a rule such as 
ii axis of symmetry ее зс, 


ili x-intercepts 
iv y-intercept 


a b y C y 
64 
44 
тырт и аа р, 
oj 2 
d y e y f 1 
4 6 
ээ > Х 
о NA 
О ж X 
-3 Y (Q,72 
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Example 20 Dilating and reflecting parabolas 


Copy and complete the table for the following graphs. 


b y 
A 
X 
-3 x 
y=—x2 
Maximum or | Reflected in the | Turning; yvalue | Wider or narrower 
Formula | minimum | x-axis (yes/no) | point | when х = 1 than y = х2 
а у=? 
БИШЕ [К] 
р у= 7х 
Solution Explanation 
Reflected Read features from graphs 
Maximum | in the Wider or and consider the effect of 
or x-axis |Turning| yvalue | narrower each change in equation 
Formula | minimum | (yes/no) | point | when x = 1 | than y = x? on the graph. 
ау л? Minimum No (0, 0) 4 Narrower 
р|у= – I Maximum Yes (0, 0) -1 Wider 
Now you try 


Copy and complete the table for the following graphs. 


a y b 


E 
d= х 
214 
4 
4 
4 
1 


Ёс 
Ne 
| 
be 
2) 


Reflected in the | Turning| умаше | Wider or narrower 
x-axis (yes/no) | point | when x = 1 than у = х2 
2 


| pe =з 
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4 Copy and complete the table below Тог the graphs that follow. 


Maximum or | Reflected in the | Turning | y value | Wider or narrower 
Formula | minimum | x-axis (yes/no) | point | when x- 1 than у = х2 
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Example 21 Translating horizontally 


Copy and complete the table for the following graphs. 


4 y 0 у-0:422 у 


Maximum or Reflected іп the Turning| yvalue | Мідег ог narrower 
Formula minimum | x-axis (yes/no) | point when x=1 than y = х? 
а ЕСЕ 
Б (у= (х+2)2 
Solution Explanation 
Reflected The effect is to shift right 
Maximum | in the Wider or or left; right for part a and 
or x-axis |Turning| yvalue | narrower left for part b. 
Formula | minimum | (yes/no) | point | when x =1|than y = x? 
aly-(x-1)?| Minimum No (1,0) 0 Same 
bl у-(х-2) | Minimum Мо (-2,0) 9 Same 
Now you try 


Copy and complete the table for the following graphs. 


a 
Maximum or | Reflected іп the | Turning | yvalue Wider or narrower 
Formula minimum | x-axis (yes/no) | point | when x=1 than у = х2 
а | у= (х+ 1)? 
221 
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5 Copy and complete the table below for the graphs that follow. 


Turning | Axis of | y-intercept 
Formula | point | symmetry (x = 0) x-intercept 
E 2 Hint: The axis of symmetry is a vertical С M^» 
а[у=(х+3) line passing through the turning point of | 
b| у= (х= 1)? a parabola. The equation is given by the 
с|у-(х- 22 x coordinate of the turning point. 
Я | y=(x+4)? 
а у b 1 
8 ЭГ" a? 5 
y-x 
gai yE- D? 
< > x m > x 
-8-6-4-29| 2 4 -4-20| 2 
Y Y 
с d у 
у=? 
= (х- 2)? 
у= (+ 
х E 7; »-Х 
-8-0-4-2 2 4 
Y 


Example 22 Translating vertically 


Copy and complete the table for the following graphs. 


a b 
Maximum or | Reflected іп the | Turning | yvalue Wider or narrower 
Formula | minimum | x-axis (yes/no) | point when х = 1 than у = х2 
а|у=х2+2 | | 
Spese] | 
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Solution 


Chapter 10 Quadratics and non-linear graphs 


The effect is to shift up or 
down; up for y = x? +2 and 


Explanation 
Reflected 
Maximum, in the Wider or 
or x-axis |Turning| yvalue | narrower down for y = x? — 3. 
Formula | minimum | (yes/no) | point |whenx- 1 | than y = x? 
а|у=х2+2 | Minimum Мо (0,2) © Same 
bly=x?-3] Minimum No (0, -3) -2 Same 
Now you try 


Copy and complete the table for the following graphs. 


а у=2-2 y yer b 
со 
Y 
Maximum or | Reflected іп the | Turning | y value Wider or narrower 
Formula | minimum | x-axis (yes/no) | point whenx-1 than у = x? 
а|у=х2-2 
b| у= х2+1 


6 Copy and complete the table for the graphs that follow. 


Turning point 


y-intercept (x = 0) 


y-value when x = 1 


Formula 
a y=x +3 
b y=x -1 
c y=x +2 
d y=x -4 
a 
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Problem-solving and reasoning 7 


7 Match each of the following equations to one of the graphs below. 


a y-2x? b y=x -6 с у-(х-2) 
d y--5x e у-(х-3) f у=22+4 
i y ii y iii y 
9 
(1, 5) x 
X 
(0) К (1,—5) 
О| 3 i 9 


8 Write a rule for a parabola with each feature. 
a Same shape as y = x?, minimum turning point (0, 2) 


iv y V vi 


y y 
2) x 4 
PITE) e| /%2 
ар 7 x 


b Same shape as y = x?, maximum turning point (0, 0) with a maximum turning point? 
с Same shape as y = x”, minimum turning point (—1, 0) 
d Same shape as y = x”, minimum turning point (5, 0) 


Ч Parabolas with technology 


f°? 


Using technology, plot the following pairs of graphs on the same set of axes for –5 < х < 5 and 
compare their tables of values. 


| y=x* and y=4x ii у=? andy- iX ili y =x? апау = 6x? 
iv у=? апіу= 1х2 v у= х2 апау = 7х2 vi у=? and y= 222 


Suggest how the constant a in y = ax? transforms the graph of y = x?. 


Using technology, plot the following sets of graphs on the same set of axes for -5 < x € 5 and 
compare the turning point of each. 

| у= 2, у= (х+ 12, y= (x +2), у= (x - 3 

й y=x, y= (x-1, y= (x-2, y= (x-3) 

Explain how the constant л in y = (x +h)? transforms the graph of y = х2. 


Using technology, plot the following sets of graphs on the same set of axes for -5 <x < 5 and 
compare the turning point of each. 

| y=x,y=x +l, y =x +2, y =X +3 

li у-х у-х2-1у-х2-3,у-х2-5 


b Explain how the constant k in y = x? + k transforms the graph of y = х2. 
EF This activity is available on the companion website as a printable PDF. 
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Hint: What turns y = x? into a graph 


10H Graphs of circles and exponentials * 


e То know the general rule for a circle with centre (0, 0) and an exponential relation 
e To be able to identify key features of a circle and an exponential graph 

e То be able to sketch simple circles and exponentials given the rule 

Key vocabulary: circle, exponential, radius, asymptote 


We know the circle as a common shape in 
geometry. We can also describe a circle using a rule 
and as a graph on the Cartesian plane. 

We can also use graphs to illustrate exponential 
relationships. For example, the population of the 
world or the balance of an investment account can 
be described using exponential rules that include 
indices. The rule А = 100 000(1.05)' describes the 
account balance of $100 000 invested at 59 p.a. 
compound interest for г years. 


o Lesson starter: Plotting non-linear curves 


A graph has the rule x? + 5? = 9. 


e When x = 0 what are the two values of y? 
e When x = 1 what are the two values of y? 
e When x = 4 are there any values of y? Discuss. 


>< 


Complete this table of values. 
x | -3 | -2 | -1 0 1 2 3 "€ О » X 
y + \$ 


* Now plot all your points on a number plane and join them to form a 
smooth curve. Y 
What shape have you drawn and what are its features? 

* How does the radius of your circle relate to the equation? 


Complete this table and graph the rule y = 2* before discussing the y 
points below. 


* Discuss the shape of the graph. 
* Where does the graph cut the y-axis? 
e Does the graph have an x-intercept? Why not? 
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Key ideas 


8 The Cartesian equation of a circle with centre (0, 0) and radius r is given by x? 4 y? =r’. 


y 
А 
а 
Р(х, у 
3 
(0, 0) 
ва =r O ў 3 
сй 
Y 
Using Pythagoras’ theorem: a? + b? = c? gives x? + y? = r°. 
y 
8 Asimple exponential rule is of the form y = a*, where a » 0 and a z 1. 1 
* y-intercept is 1. y-2* 
e у= 0) is the equation of the asymptote. (1.2) 
8 An asymptote is a line that a curve approaches but never touches. 
The curve gets closer and closer to the line so that the distance О 
between the curve and the line approaches zero, but the curve never Asymptote Y 
meets the line so the distance is never zero. (y=0) 
Exercise 10H 


Understanding 


1 Write the coordinates of the centre and give the radius of these circles. 
a b с y 


y 
3A 


Y 
2 Which of the following is an exponential relation? 
A yz2x B у-2 C үзэ” р у+х2=2 
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10H 3 Which of the following is a circle equation? 
А y=3* B х-у-3 С х2+у2=9 D y=9x 


4 Acircle has equation x? + y? = г2. Complete these sentences. 
a The centre of the circle is : b The radius of the circle is 


Complete the following for the equation x? + 5? = 4. 


a State the coordinates of the centre. 
b State the radius. 
c Find the values of y when x = 1, correct to one decimal place. 
d Find the values of x when y = 0. 
e Sketch a graph showing intercepts. 
Solution Explanation 
a (0,0) (0, 0) is the centre for all circles x? + y? = r°. 
Dor x+ya=r sor =4. 
с x+y =4 Substitute x = 1 and solve for y. 
12 +у2=4 у2= 3,50у= + 43. 
у= 3 43-17 
у= 1,7 (1519р) 
d х2+02=4 Substitute у = 0. 
х2-4 Solve for х. 
pc Both (-2) and 22 = 4. 
e y Draw a circle with centre (0,0) and radius 2. 
2А Label intercepts. 
є x 
-2 2 
ШЭ] ү 
Now you try 
Complete the following for the equation x? + y? = 36. 
a State the coordinates of the centre. 
b State the radius. 
c Find the values of y when x = 1, correct to one decimal place. 
d Find the values of x when y = 0. 
e Sketch a graph showing intercepts. 
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10H Graphs of circles and exponentials 667 


m 5 A circle has equation x? + y? = 9. Complete the following. "rm 
a State the coordinates of the centre. Hint: If x^ y^ — r^, | 


ОЧ he тай: then r is the radius. 
Find the values of y when x = 2, correct to one decimal place. 

Find the values of x when y = 0. 

Sketch a graph showing intercepts. 


оо. осо Б 


4) 


6 Complete the following for the equation x? + y? = 25. 


DU 
os 


= 
a State the coordinates of the centre. Hint: If y2 = 5, then y = + v5. e 
b State the radius. 
c Find the values of y when х = 4. 
d Find the values of x when y = 0. 
e Sketch a graph showing intercepts. 
Consider the rule y = 2*. ЕЕ ОЕ Oi ИЕ 
a Complete this table. Ж pu ЕЕ 
b Plot points to form its graph. 81412 
Solution Explanation 
а Pe Sea ola leone 2151223522-5122-1 
‚|| {Л 
үз ллу р: 
р Plot each point and join to form 
a smooth curve. 
Now you try 
Consider the rule y = 5*. ЖЭ 10107000 
a Complete this table. eae 
b Plot points to form its graph. 25 | 5 
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10H 7 Consider the exponential rule y = 3%. 


a Complete this table. x Tx Tc 0 1 2 
l l 
Yg |3 
b Plot the points in the table to form the graph of y = 3*. y 
io! 
81 
2 
44 
21 
чт» X 
-2-191,1 3 
8 Consider the exponential rule y = 47. ! 
a Complete this table. x 1--21-1 0 Ї 2 
1 1 
? | 16| 4 
b Plot the points in the table to form the graph of y = 4, у 
164 
124 
84 
44 
тт» X 
=2.=10| 1-2 
Problem-solving and reasoning 9-11 
9 a Sketch the graph of the following on the same set of axes, 
labelling the y-intercept and the point where x = 1. Hint: Use this table to help. бүл, 
| ў=2* хог HE 
ii у=4* y=2 i 1 
iii у= 5х i 
X E 
What do you notice about the y-intercept on each graph? ae 
What does increasing the base number do to each graph? у= 5* 1 
10 Give the radius of the circles with these equations. 
a х?+у^=36 b х2+у2 = 81 с х2+у2 = 144 ӘӘ 
a a NM Bi il Hint: | 
d ху e x^-y^-]4 f x^Ly^s20 Келешеги? cie d 
11 Write the equation of a circle with centre (0, 0) and radius 7. 
12 Match equations a-c with graphs A-C. 
а y--x-2 b y=3* 
A : B 
A 
(1,3) 
1 
О X 
Y 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


13 A study shows that the population of a town is modelled by the rule P = 2’, where т is in years 
and P is in thousands of people. 


a State the number of people in the town at the start of the study (i.e. t = 0). 
b State the number of people in the town after: 


57 
i 1 year il 3 years Hint: If P = 3, there are 3000 people. «< 
c When is the town's population expected to reach: 
i 4000 people? ii 16000 people? 


Чу Graphs of hyperbolas 


Another type of graph is called a hyperbola and it comes from the rule y = L 
14 A hyperbola has the rule y = 1 
а Complete this table. ec] 4121-2111 1 2 
2 2 
y 
b Plot the points to form the graph of y = 1. у 
А 
2 
Ї 
ч » Xx 
3-319 1 2 
2 
15 A hyperbola has the rule у= 3, ! 
a Complete this table. See) 54 | elo 1 3 
3 3 
y 
b Plot the points to form the graph of y = - y 
А 
9 
6 
$ 
є » X 
AAAF 1 2 3 
6 
El This activity is available on the companion website as a printable PDF. 
Essential Mathematics for the Australian Curriculum ISBN 978-1-108-87886-9 € Greenwood et al. 2021 Cambridge University Press 


CORE Year 10 Photocopying is restricted under law and this material must not be transferred to another party. Updated June 2023 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


Chapter 10 Quadratics and non-linear graphs 


Maths@Work: Driving instructor 


Driving instructors have a challenging job, 
teaching often young and inexperienced 
drivers how to be safe on the roads. 
Instructors must have a valid driver's 

licence and a Certificate IV in Transport 

and logistics for Road transport-Car Driving 
instruction. 


Workplace skills needed by a driving instructor 
include good communication skills, patience, 
the ability to teach and instruct, as well as a 
good knowledge of motor vehicle operation 
and safety. Good driving instructors understand 
the mathematics involved in speed, fuel 
consumption, angles for parking, braking 

and stopping distances. They also need to 
calculate hourly rates of pay and charge clients 
correctly. 


Show your working for the following calculations. 
a By what fraction do you multiply when converting 1 km/h 


to m/s (metres per second)? 


Understanding braking distances and stopping 
distances is important when training to be 

an instructor. Answer the following questions 
relating to the rules used to calculate these 
distances. 


b By what fraction do you multiply when converting 1 m/s to km/h? 


Convert the following speeds to m/s. Give your answers to two decimal places. 


a 40 km/h b 50 km/h с 60 km/h 


D. 
D 


Hint: 1 km — 1000 m 
1һ 3600 8 
d 70 km/h e 80 km/h f 100 km/h 


A driver's reaction time to danger before applying a vehicle's brakes 


69: 
Ч 0) 


is approximately 0.7 seconds at best. The distance travelled while шил Ф 
reacting to a situation can be found by rearranging the formula 
for speed. 
Find the formula for the reaction distance (R), in metres, travelled in 0.7 seconds at a speed of 
8 metres per second. 
Use your answer to Question 3 to find the distance covered in the reaction time at each of the 
following speeds. Give your answers in metres, to two decimal places. 
a 40 km/h b 50 km/h c 60 km/h d 70 km/h e 80km/h f 100 km/h 
2 
The formula for the braking distance, B, in metres, of a car in dry conditions is B — = where s is the 


speed in m/s. Calculate the braking distance for each of the following speeds. Give your answers in 


metres to two decimal places. 


a 40 km/h b 50 km/h с 60 km/h 


d 70 km/h е 80 km/h f 


100 km/h 


a Write an equation for the total stopping distance (D) by adding the reaction time distance (А) to 


the braking distance (В). 


b What type of equation is formed for total stopping distance? 
c How would you explain to a learner driver how the total stopping distance increases as 


Speed increases? 
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Maths@Work: Driving instructor 


Using technology 


4 6 7 а Setup an Excel worksheet їо calculate stopping distances for the various 


Hint: Recall: reaction 


speeds, as shown in this snapshot below. You will need to enter ВЕТЕР = 0-7 x spend 


appropriate formulas in the shaded cells. 


A B С р Е 

1 Stopping distances at various speeds 

— M врагадитуг | . on |! Braking Total stopping 
2 | distance,in m | distance,inm | distance, in m 
3 0 1 0 1 o | 0 | 0 
4 10 
EN 25 
6 30 | 
7 40 
S| 50 
9 60 
0 70 
11 80 
12. 90 
13 100 
14 — 110 


At what speed is the reaction distance almost equal to the braking distance? Give the total 

stopping distance for this speed. 

Given that the average car length is 4.8 m, at what speed is the total braking distance about: 

i 4 car lengths? 

ii 10 car lengths? 

Extend your Excel table to help answer the following questions. 

i When your speed increases by 10%, what is the 96 increase in braking distance? Try some 
different starting speeds to check your answer. 


ii What is the 95 increase in braking distance when you increase your speed by: 
| 20%? 


П 3092? 

Insert a stacked bar graph in your worksheet, showing reaction and braking distances for various 

speeds. Follow these steps: 

e Insert a new column A titled ‘Speeds’ and enter each speed with units; e.g. 10 km/h, 20 km/h, 
30 km/h etc. 

* Hold Ctrl and select this new column of speeds, the columns of distances of reaction and 
braking, including each of their column headings. 


e Click on Insert/2D stacked bar: 


* Format the horizontal axis with a minor unit of 5 and show minor gridlines. 

Driving instructors can explain to learner drivers the mathematical reasons for speed limits. 
From your graph, state the highest speed that would allow a driver to stop before a collision 
if an object (e.g. a kangaroo or another vehicle) suddenly appeared in front of the car at 
these distances: 

i 20m il 35m iii 50m iv 60m 
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Maximum Areas 


Gary’s pool needs to be fenced so that it complies with safety 


c» regulations before the sale of his house can proceed. He buys 
= 40 metres of fencing off eBay and wants to install the fence 
= himself to make it cost effective and to also ensure that the inside 
“ГЭ of the fenced area is the largest area possible. He decides to build 
e it as a rectangle as he feels that will be more attractive to potential 
e buyers. 
Pool 
Present a report for the following tasks and ensure that you show Fence 
clear mathematical workings, explanations and diagrams where 
appropriate. 
Preliminary task 
Choose 3 different dimensions for a rectangle that has a perimeter of 40 m and calculate the area of 
each one. 
Modelling task 
EUR Your task is to decide on the dimensions of the rectangle which contains the largest area, given the 
40 metres of available fencing. 
a Write down the two formulas that are used to calculate the boundary and the area of the 
enclosed space. 
b Write down an expression for the length y in terms of the width x. 
c Write down an expression for the area enclosed by the fence in terms of x. 
i d Graph the rule found in part c. An online graphing tool such as Desmos can be used. 
e Choose at least three values of x and find 
i the area of the rectangle enclosing the pool, that corresponds to each 
ii the dimensions of each of the rectangles created. 
f By referring to your graph, between which two values does x lie? Explain the importance of 
these values. 
g i Determine the coordinates of the vertex of the graph drawn above 
ii What is the significance of the vertex for the area of the pool enclosure? 
gera h What are the dimensions of the rectangle that has a perimeter of 40 m which provides the 
verify largest (maximum) area? Explain why you think this is the maximum area. 
Еи" i Summarise your results and describe your findings by, 
i Showing the equation for the area and the graph that was drawn. 
ii Labelling the features of the graph that allowed you to find the maximum area and state 
the dimensions of the rectangle. 
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Modelling Activity 673 


Extension question 


a How do the dimensions and area change if pre-existing fences are used as either 
i one side? 


ym 
Еак 


Pre-existing side 


ii two sides? 


ym 
> | 


Pre-existing sides 


b What other considerations need to be taken into account when designing the fenced in area? 
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Puzzles and games 


Chapter 10 Quadratics and non-linear graphs 


1 


| am a beautiful curve! Solve the equations and then match the letters to the answers to find 
out what | am. 


О В А Р R 


Radius of Solution to —2(x — 1) Solution to 
xr+y=16 (х- 3)2=0 xi-2x- 8-20 


=з. 7 3 4, —2 3 4 8 х) 3 


A square pool of side length x metres is surrounded by a 2 m wide tiled 
edge. 

а Find an expression for the total area. 

b For what value of x is the total area equal to 100 m?? 


A book's length is 6 cm longer than its width and its total cover area is 280 cm?. What are its 
dimensions? 


The product of two consecutive even numbers is 168. Find the two numbers. 


A father's age is the square of his son's age (x). In 20 years’ time the father will be 3 times as 
old as his son. What are the ages of the father and son? 


A rectangular painting is to have a total area (including the frame) of 1200 cm?. The painting is 
30 cm long and 20 cm wide. Find the width of the frame. 


Simplify these expressions. 
алу 3 X) 
b (х= 1)? – (х+1)2 

х2-х-6 

х+2 
A cyclist їп a charity ride rides 300 Кт at a constant average speed. If the average speed had 
been 5 km/h faster, the ride would have taken 2 hours less. What was the average speed of 
the cyclist? 


Factorising x? + bx - c 


Two numbers + to 0. 

Two numbers x to c. 

e.g. x? — 7X— 18 = (x- 9)(Х+2) 
-9х2--18 
-9-2--7 


Factorising and DOPS 


Always take out common factors 
first. 
Difference of perfect squares 
а2-12-(4-0(8-01) 
84.1 х2-4= 2-22 
= (X+ 2)(х— 2) 
2 4x? —9- (2x)? — (3? 
= (2x — 3)(2x + 3) 


Transformations of a parabola 


= 2x2 
y= ах? dilates graph laa 


compared to y= х? 
0-а-1 graph is wider 
a> 1 graph is narrower 


а< 0 graph is inverted 
(i.e reflected in x-axis) 


у= (х— h}? translates y= х2, h units 
horizontally у 

һ> 0 move right 

h< 0 move left 


у= х2 + К translates у= х2, k units vertically 
3 


К» 0 move ир 
К< 0 move down 


Circles 


X + y? = r° is a circle centred at 
(0, 0) with radius r. 


у= № 
ГЭ ТЭ 
у=5 Ж 


Expanding brackets 
a(b+ c) = ab + ac 
(a+ b(c+ d) = ас+ ad+ bc + bd 
(a+ b(a- b) = a? — b? (DOPS) 
(a+ b? =a? + 2ab+ b? 
(а— b? = a? — 2ab+ b? 


Quadratic 
equations 7” 


Parabolas 


Other graphs 7” 


Chapter summary 


Solving quadratic equations 


* Solving ax? =c 
e.g. 2x*=8 
Х2-4 
Near?) 
Null factor law: 
If ab = 0, then a= 0 or b— 0. 
Write each quadratic in standard 
form ax? + bx+ c — 0, 
factorise and then apply the null 
factor law to solve. 
e.g. 1 х2-4х-0 
Xx— 4) 20 
x-0orx-4z0 
x-0orx-4 
2 x? 3х+10=0 
(x— 5)(х+ 2)=0 
Х-5-00гХ-2-0 
x-50rx--2 


Applications 


Define the variable. 

Set up the equation. 
Solve by factorising and 
using the null factor law. 
Determine the suitable 
answer(s). 


A parabola’s rule is a quadratic equation 
y 


! 
y-intercept xintefcepts 


w= 7] 


Maximum 
turning 
point 


symmetry 


Exponential graphs 
y-2* 


х |-3 
у 
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Chapter 10 Quadratics and non-linear graphs 


Chapter checklist 


A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook. 


v 
10A 1 1сап expand binomial products including perfect squares. 
e.g. Expand the following. 
a (2x - 1)(х+ 5) b 2x43» 
10A 2 1сап expand binomial products to form a difference of perfect squares. 
e.g. Expand (3x = 1)(3x + 1). 
10B 3 I can factorise an expression by taking out a common factor. 
e.g. Factorise —3a? — 9a. 
C 4 Ісап factorise a difference of perfect squares. 
e.g. Factorise x? — 25. 
10C 5 I can factorise a monic quadratic. 
e.g. Factorise x? — x — 12. 
106 6 I can factorise a perfect square. 
e.g. Factorise a” — 6a + 9. 
C 7 lIcan solve quadratic equations of the form ax? = c. 
e.g. Solve 2x2 = 72. 
C 8 Ican solve quadratic equations of the form ax? + = c. 
e.g. Solve 2х2 — 2 = 10. 
10E 9 I can factorise and use the null factor law to solve a simple quadratic equation. 
e.g. Solve: 
accu ep D 25-0 
10E 10 І сап use the null factor law to solve a quadratic equation of the form 
х2 bx 4c - 0. 
e.g. Solve x? - x 6 = 0. 
e 11 I can set up and solve a quadratic equation to find the solution to a real 
problem. 
e.g. The area of a rectangle is fixed at 36 m? and its length is 5 m more than its width. Find the 
dimensions of the rectangle. 
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Chapter checklist 


v 
. y. 
[we | 12 I can identify key features of a parabola. Aa, 4) 
e.g. List the key features of this parabola including the type 
and coordinates of the turning point, the axis of symmetry and 3 
the x- and y-intercepts. 
«X О > X 
Y 
Cc 13 1сап identify key features of a parabola after y = x? is reflected, dilated or 

translated. 
e.g. List the key features of the following parabolas, including the type and coordinates of the 
turning point, axis of symmetry and x- and y-intercepts. 
a y--2x? b y=(x+2)* c y-x^«1 

y 

À 

5 
у= х2+1 
у= (х+ 2)? 
X 
D 
--2x2 
Y 
10H 14 1сап identify key features and am able to sketch a simple circle. 
e.g. Sketch the graph of x? + y? = 9. 
10H 15 1сап identify key features and am able to sketch a simple exponential 
relation. 
e.g. Sketch the graph of y = 3*. 
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Chapter 10 Quadratics and non-linear graphs 


Short-answer questions Ж 


= 104 1 Expand the following and simplify where possible. 
c— a —2(х+1) b x(x+3) с (x-2)x- 1) 
> d (х+5)(3х—4) e (x+4)(x —4) f (5x —2)(5x +2) 
Ф g (x42)? h (x-6) i (3x-2(4x-5) 
"" 104 2 Write, in expanded form, an expression for the shaded areas. All angles are 90°. 
Ф а x+3 b x+2 с 
аф? 
О. x é 3m 
m 
© 
X om 
O 108 3 Factorise by removing a common factor. 
a 3x9 b -4x- 16 с х?+2х 
d ab-b e 7x- 14х2 f -ab-6ab 
108 4 Factorise the following by using difference of perfect squares. Remember to look for a 
common factor first. 
a x-49 b 9x*- 16 é 4х°—1 
d 35-75 е 2x?- 18 f 4x^-81 
100 5 Factorise these quadratic trinomials. Some are perfect squares. 
a x*+5x+6 b x?-x-6 c х2-8х-12 
d х2-10х-24 e х2+5х- 50 f х2- 12х+ 32 
g х2-6х-9 h x*+20x+100 i x*+40x+400 
100 6 Solve these quadratics, giving answers with exact values. 
a х2=11 р 2х2=6 с 3х2-1=14 
ШЕ 7 Solve using the null factor law. 
а (x-1)(x-2)20 b (x-3)x-7)20 c (2x- 1)(х+4) = 0 
d x(x—-3)20 e -4х(х-6)-0 f 7x2x-5)20 
10E 8 Solve these quadratic equations by factorising and applying the null factor law. 
a х2-4х-0 b 3x2-9x=0 c x*-25=0 
d 92-16-20 e х2-8х-415-0 f x*-10x+21=0 
g х2-8х+16=0 h х2+10х+25 =0 | х2-5х-36-0 
10F 9 А large rectangular sandpit is 2 m longer than it is wide. If it occupies ап area of 48 тэ, 
determine the dimensions of the sandpit by solving a suitable equation. 
T 
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Chapter review 679 


106 10 State the following features of the quadratic graph shown: 
а turning point and whether it is a maximum or a minimum 
b axis of symmetry 
c x-intercepts 
d y-intercept 


14еёчэ 


106 11 Copy and complete the table for the following graphs. 


Maximum or | Reflected in the | Тигпіпо | yvalue | Wider or narrower 


Ф 
- 
= 
Ф 
= 
Ф 
= 


Еогти!а minimum | x-axis (yes/no) | point "when x-1 than у = х2 
a у= 2х2 
NN P 
b y= 5х 


= x К yt 2)? 
> 


10H 12 Sketch these circles. Label the centre and axes intercepts. 
a х2+у2 = 25 b 22+у2=4 


10H 13 Sketch the following graphs, labelling the y-intercept and the point where x = 1. 
а у=2* b y-4 
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Chapter 10 Quadratics and non-linear graphs 


Multiple-choice questions * 


= 104 1 —2х(1— x) expands to: 
= А -2+2x? В -2x-2x? б 2x+2x? D —3х? E -2х-2х2 
0) 10А 2 (х-5) is the same as: 
5 А х2+25 B х2-5х б x-5x425 D х2+10х+25 E х2-50 
D WA 3 (2х— 1)(х+4)15 equal to: 
= A 2х2+11х-2 B 2х2-7х-4 С 4х2-14х-8 
О. D 4х2+9х-2 E 2x24 5x 44 
2 108 4 In factorised form, 4x2 — 25 is: 
O A 4(х- 5)(х+ 5) В (2х-5) С (2х- 5)(2х+ 5) 
D (4х+ 5)(х - 5) E 2(2x+1)(x - 25) 
10E 5 The solutions to 2x2 – 8x = 0 are: 
A x=0,x=-4 B x-2 C x=0,x=4 
D х=4 E х-0,х-2 
wE 6 The solutions to (2x – 1)(x+1)=0 are: 
А x=0,x=1 B ы: C x=-1,x=2 
D х--1х--2 E х=1,х=1 
106 7 The equation of the axis of symmetry of the graph shown is: 
y 
є » x 
Ó 
Y (3, -4) 
A у--4 B х-3 C x=-4 D у-3 E у=3х 
100 8 Compared to the graph of y = х2, the graph yo y=% 
of y (x - 3} is: 
A 3units down 9 E 
B 3units left 7 
МІ 
С іп the same place 4 
D 3 units right m ЕА 
Е З units up О 
Y 
1H 9 The equation of a circle centred at the origin with radius 4 units is: 
A y-4x? B х2+у2=4 С х2+у2=8 
D у= 4х E х2+у2 = 16 
1H 10 The graph of y = 3* has y-intercept with coordinates: 
A (0,3) B (3,0) С (0,1) 
D (1,3) E US 
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Extended-response questions * 


1 Asquare spa is to be built in the middle of a 10 m by 10 m paved area. The builder does 
not yet know the size of the spa, so on the plan the spa size is variable. Its side length 
is x metres. 


b 
c 


d 


Write expressions for the area of: 

i the spa ii paving 

Factorise your expression from part aii. 

What will be the area of the paving if: 

| х-27 il х=4? 

What value of х makes the paving area equal to 75 m?? 


2 Azoo enclosure for a rare tiger is rectangular in shape and has a trench of width x m all 
the way around it to ensure the tiger doesn't get far if it tries to escape. The dimensions 
are as shown. 


Trench 


Enclosure 


14еёчэ 


Ф 
2 
2 
Ф 
= 
Ф 
= 


a Write an expression in terms of х for: 
i the length of the enclosure 
ii the width of the enclosure 
b Use your answers from part a to find the area of the enclosure (including the trench), in 
expanded form. 
c Hence, find an expression for the area of the trench alone. 
d Zoo restrictions state that the trench must have an area of at least 128 m?. Find the minimum width 
of the trench. 
AT 
N 27 
9 17) w AD. 
y o Sen ~ x 
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N 
> 
2 
= 
Ф 
CS 
S 
Ф 
Шэн 
o» 
Ф 
= 
Ф 
С) 


Straight-line graphs 
Short-answer questions 
1 This graph shows how the value of a car decreases 
with time. 20000 
а By the end of 4 years, how much has its 18000 
value fallen? 16000 
b After how many years is the car worth $8000? _ 14000 
c Estimate the car's worth after 13 years. е 12000 
= 10000 
^ 8000 
6000 
4000 
2000 


Оо а св 10 12-14-16 
Time (years) 


2 This distance-time graph shows the journey of a cyclist from home to a location and 


back again. 

a How many km has the cydlist travelled after: А 
і 1 hour? = 50 
ii 1.5 hours? м 40 


iii 3 hours? 
b Calculate the cyclist's speed over the first 2 hours. 
c Whatis the total time in rest breaks? 
d What is the cyclist's greatest distance from home? 
e 
f 
g 


Distance 
N 
25 


How long does the return trip take? рр 
Calculate the сус! 515 speed for the return journey. Time (hours) 
What is the total distance cycled? 


3 a Copy and complete this table for the rule y = 2x — 1. 
х =? zl 0 1 2 5 
y 
b List the coordinates for each point in the table. 


с Draw x- and y-axes, each labelled between —5 and 5. Plot the points and join them 
with a ruler. 


4 For each of the graphs that follow, find the: 
i midpoint of the line segment 
ii exact length of the line segment (i.e. give the answer in square root form) 
iii gradient of the line segment 


a y b y с y 

A A A 
4 
3 
2 
1 

Е st 
-4-3-2-10) 12345 

лө 
ла 
14 

Y 
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5 Plot and join each pair of points and find the gradient, m, of the line segment joining 
these points. 
а A(3,2) and B(5, 6) b K(1,—3) and L(-2, 6) 


6 Plot and join each pair of points and find the length of each line segment. Write the answer in 
square root form if it is not a whole number. 
a P(3,4) and Q(-1,9) b R(-4,2) and М(1, 10) 


7 Without plotting these points, find the coordinates of the midpoint of the line segment joining 
each pair of points. 
a Т(3,4) and K(5, 12) b F(4,5) and G(-2, -9) 


8 a Consider the lines, J and К, graphed here. y 
i Find the y-intercept. K A 1/ 
ii Determine the gradient. 
iii Write the equation of the line. 
b State the coordinates of the point of intersection 
of lines J and K. 


9 Sketch each of these lines by considering the 
y-intercept and gradient. 


d b у=2х+1 


ü| е =) 


10 Find the x- and y-intercepts for each of these lines 
and sketch them. Label all axes intercepts. 
sb ques e ое 


© ==? 


Multiple-choice questions 
1 Ifa straight line has a gradient of —3 and a y-intercept of 5, its equation is: 


А y=5 B y=3x+5 B PSS} 
D у--3х-5 Е me-s 
2 The gradient of the line joining (0, 6) and (2, —4) is: 
А = B 6 C 5 
í 5 
р 5 EX 


3 The midpoint of the line segment between (-3, 8) and (7, 2) has coordinates: 
A (4,10) B (2,5) 6705 45) 
D (0.5,9) (5. (59,3) 

4 Тһе equation and gradient of the vertical line through the point (1, 3) are: 
A x=1; gradient undefined 
C у= 3; gradient positive 
E у= 3; gradient undefined 


B х=1; gradient zero 
D y=3; gradient negative 


5 Alandscape company charges $80 delivery plus $73 per cubic metre of soil. If $C is the cost of 
n Cubic metres of soil, then: 


А С=80п+73 
DC — 7377-30 
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Extended-response question 


Ж You have a 5100 gift voucher Тог downloading movies from the internet. Each movie costs $2.40. 
After downloading n movies you have a balance of $B on your voucher. 
a Write a rule for the balance, B, on your voucher in terms of n. 


b Use your rule to find: 
i the balance on the voucher after 10 movies are downloaded 
ii the number of movies bought that will leave a balance of $28 


с Copy and complete this table. 


Number of movies (л) 0 5 10 15 20 
Balance (В) 


d Sketch a graph of В versus л, using the values in the table above. 


m e Whatis the maximum number of movies you could buy and how much would be left on 
your voucher? 


Geometry 
Short-answer questions 


1 Find the value of x in these diagrams. 
a b 


51°] үе 
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2 Write a congruence statement and the test to prove congruence in these pairs of triangles. 
a @ Е 


һ А Е 
Сү D» 
69 38? 
38? B 5 
2 ZS 69°(Sp 
E 
с N R 
4m 
sm 5m Р 
10 т A IT 
м 0 
8m 
О 


4 The given pair of triangles are known to be similar. Find the value of x and у. 


4cm 
7.5 cm 
x cm 1.522 lm) 
ycm 
6 cm 
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Multiple-choice questions 
1 If two lines are parallel, then cointerior angles will: 


A be equal B sum to 90? C sumto 180° D ѕит їо 360° Е sum to 270° 
we 2 The sum of the internal angles of a hexagon is: 
А 360° B 540° C 1080? D 900? Еф 
3 Which of the following is not a test for congruent triangles? 
А 555 B SAS С AAA D AAS E RHS 
4 The scale factor for these similar triangles is: 
A 2 B 4 б 5 
D 0.1 E 0.4 5 
21 42 
w 5 The length ratio for two similar solid objects is 2:3. The volume ratio is: 
A 16:81 B 2:3 C 4:9 
D 8:27 Е [75 
Extended-response question 
A chicken wants to know the distance across the Rock 
road without having to cross it. The chicken places E 
4 pebbles in various positions on its own side of the 2112 
road, as shown. There is a rock on the other side of гч | 
the road aligned with one of the pebbles. ODD ети e 
1 22 WS m 
2 112774 
v 
a What reason would be given to explain why the two triangles are similar? 
b Find the scale factor. 
c Whatis the distance across the road? 
Equations 
Short-answer questions 
1 Solve the following one-step equations. 
a х 1253 Hn с = 
4 5а=20 G =e = 12 i == 
2 Solve the following two-step equations. 
20275935 р 102: с #+3=9 d AT Sa 3 
3 Solve the following equations. 
a 2(x-4)-8 b 3(k—2)+4k=15 
с 3m-132m«5 а 20128 
e 37i --2 f 4x+7+3x-12=5x+3 
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4 For each of the following statements, write an equation and then solve it for the pronumeral. 
a When 5 is subtracted from x, the result is 8 
b When 8 is added to the product of 4 and x, the result is 20. 
c When 6 less than 3 lots of x is doubled, the result is 18. 


5 Find the value of the unknown in each of the following formulas. 


a ForA- tbh, find b when A = 120 and л = 24. 


b For = rt find P when J = 80, r=5 апа г = 4. 


6 Write the inequality displayed on each of the following number lines. 


a B 5 b € 
= Х < T T T LO» X 
2 ЭА 7 95 91 iil 
7 Solve each of the following inequalities and graph the solution on a number line. 
a qed Dy 0 =3x 2 


8 Find the point of intersection (x, y) of each pair of equations below by plotting an accurate 
graph. First draw x- and y-axes, each labelled from —5 to 5. 
а xea у=? b y=2x-4and 3x+2y=6 
Ww 9 Solve the following pairs of simultaneous equations using the substitution method; i.e. find 
the point of intersection. 
а= 25 b х-у-12 © pes—x 
He pss 12-5:1:40 set Dp = 5 
Ж 10 Solve the following pairs of simultaneous equations using the elimination method; i.e. find 
the point of intersection. 


a x+2y=3 b 3x+y=10 б 253 pes 
=r Sys 2 rete = 0 З= Душ 
Xr 11 Oliver is older than Ruby. The sum of their ages is 45 years and the difference of their ages 
is 7 years. 


a Define pronumerals to represent each person's age. 
b Setup a pair of simultaneous equations based on the information given. 
с Solve the simultaneous equations to find Oliver and Ruby's ages. 


Multiple-choice questions 
1 Which of the following is not an equation? 


А x= she 5 В 2x+4=5x C у-7х-4 Jy pe 252-5 а= 
2 Anumber is decreased by 8 and then doubled. The result is equal to 24. This can be 

written as: 

A 2x-8=24 Beas sx 2 — 4 б х=б=2х24 

D Ax 3-24 E 1$- 
3 The solution to ки = 6 is: 

А = 27/ В x=45 Db xe D x= | xes 

Ж 4 The solution to 3(х— 1) = 5x 4 7 is: 

А gd 2) ае =5 (2-5 1 х=? Е х=! 
5 The solution to the inequality 1 — 2x > 9 is: 

Атос В х<4 G 1-5 Dx>-4 E x«-4 
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Extended-response question 


Ishan and Mia normally have an electricity bill of $200 per month. Now that they have installed 
solar panels (which cost $6000, including installation), the solar energy is providing for all their 
power usage with some left over. Their excess power is sold to the town’s electricity supplier. 
On average, they receive a cheque for $50 per month for the sale of this solar-generated power. 


a Copy and complete this table, which compares the total cost of normal town electricity 
to solar power. 


Number of months, n 0 6 12 18 24 30 36 42 48 
Total cost of electricity 
(at $200 per month), E 
Total cost of solar 
power (reducing by $50 | $6000 
per month), S 


0 


b Draw a graph of the information given in the table. 


c On the graph, show the point at which the total cost of solar power is the same as the total 
Cost of electricity for that period of time. State the value of n and the cost. 


d Write an equation for E (i.e. total cost of electricity) in terms of л and another equation for S 
(i.e. total cost of solar power) in terms of n. 


e Solve the equations in part d for n, when E = S (i.e. the total costs of each power supply 
are equal). 


f After 4 years, how much money has been saved by using solar power? 


g Suppose that, in a wet climate, the cheque for excess power sold to the town supply is 
reduced to $25 per month. Using equations, find how many months it takes for the total 
costs to be equal. (Round to the nearest month.) 


Pythagoras’ theorem and trigonometry 
Short-answer questions 


1 Refer to the angle marked Ө and name the: P 


a hypotenuse > 
b side opposite Ө 
с side adjacent to Ө 
Q- 5 


2 Use the triangle shown to help you write a fraction for: 


a sinO b cos@ с tanO x 
M 
LA^ [ | 
2 
3 Use a calculator to find the value of each of the following, correct to two decimal places. 
a sin40? b соѕ 51° с ап 18° 
d 12tan32° e 40tan 38° f 5.6sm55° 
g 15 h 28 : IDS 
sin 24° cos 30° tan 52° 
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E 4 Find the value of each pronumeral, correct to two decimal places. 


a b 
7 x " 
L E 
D 27] 
C Ф, d w 
di J C 
Х 
78 
15.4 25 
Е ў 5 Find the value of each pronumeral, correct їо one decimal place. 
b C) 
25) 
‚068° 
үү 


а 11 
| 2 
с х d 
NS [| > 
M 
18 18 
Hl 


E 6 Kara wants to measure the width of a river. She C 
places two markers, А and B, 20 m apart along =: 
one side. C is a point directly opposite marker 
A. Kara measures angle ABC as 35°. How wide 
is the river, to the nearest metre? 


Хей утуу ул у уыл у 


Е Ч 7 A ladder is inclined at an angle of 28? to the ground. If 
the ladder reaches 4.2 m up the wall, what is the length 
of the ladder, correct to two decimal places? 


E 8 Find the angle 0 in the following triangles, correct to the nearest degree. 


a b O © OA 
2 BS 
5) 
аА 
1 


£j 40 
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m * 9 Elliott measures the angle of elevation to the top of a 120 m 
tower to be 34°. How many metres is Elliott from the base of 
the tower? Round your answer to one decimal place. 


Ш 
В xm 
gl Ж 10 Xi-Rui is sitting on top of a bridge 150 m above the water level of the river. He notices an 
object floating on the river some distance away. If the angle of depression to the object is 
thought to be 30°, how many metres (x) from the bridge is the object? Round your answer 


to one decimal place. 
M > 


30° 


150m 


Үү 
xm O 


Multiple-choice questions 


1 The value of x in the triangle shown is: 3 
A 1 B 11 C 4 л 
D 10 ES 


12 
2 In which of the following triangles does cos Ө = 22 
А MN B C 
Lx 
Ш IN 
Ш 3 i| [IN 
6 4 
D E 
C N 
5 
3 Choose the correct trigonometric statement Тог the diagram shown. Д 
O — chs oc X 
A tan55 = 10 В tan35 10 ? 
: о _ А 5 © — de. 
C 51155 = 10 D 51035 i0 5 d 
10 
ELLA 
E cos35 10 
4 For the triangle shown, sin 0 is equal to: 4 
3 4 5 IR 
= 25 ёо : 
3 4 5 
р = Е 5 
4 3 > 
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Semester review 2 691 


In мэ diagram is the angle of depression of A from Р equal to 30°? 
В р C А 


x 30? 
P 
Extended-response question 
E A plane flies from the airport on a bearing of 
136? for 450 km. 
a Draw a diagram showing the plane's flight. 
b How far east of the airport is the plane? 
Round to one decimal place. 
c How far south of the airport is the plane? 
Round to one decimal place. 


d Whatis the true bearing of the airport from 
the plane, correct to the nearest degree? 


Quadratics and non-linear graphs 


Short-answer questions Ж 
1 Expand the following expressions. 


а =2(х Л) b (х+2)(х—3) с CX- DEAF) 
d (х-21х-2) e (x- 3) toov 
2 Factorise these expressions. 
a 3х-12 b -2х-х2 c х2- 25 
d 9х2 – 100 e х2+7х+12 f x-x-6 
g х2-2х-8 h х2-8х-16 i x?+6x+9 
3 Solve these equations. 
a x(x-3)=0 b x*+2x=0 с x*-4=0 
d 4х2-9=0 е (х—3)(2х—1)=0 f х2-х-20-0 
g х2-10х-21-0 h х2-8х-16-0 i х2-14х-49-0 


4 State the following features of the quadratic 
graph shown: 
a turning point and whether it is a minimum 
or a maximum 
b equation of the axis of symmetry 
с x-intercepts 
d y-intercept 
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5 Copy and complete the table for these parabolas. 


Wider or 
Maximum Reflected in y value narrower 
or the x-axis Turning when than 
Formula minimum (yes/no) point gel у=? 
ays3x 
EI 
р у= 7х 
с | у-1х:29 
d | y=x -3 
a b y 
к A 
C 


Multiple-choice questions Ж 
1 -х(х-1)-2х2 simplifies to: 
дог B xxx С 3х2+1 
2 Compared to the graph of y = х2, the graph of 
у = (x + 3) is: 
А 3 units down B 3 units up 


C 3 units left D in the same place 
E 3units right 


3 The solutions to (2x — 1)(x + 3) = 0 are: 


A = B х=7 у=) 
b = 2, ре 3) р ЕЕ 
Е _ 


4 The radius of the circle with equation x? + у? = 25 is: 
A 5 B 25 (Б = D 0 E 1 
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5 The graph of y = 2* could be: 
A y B y C 


ў 
А А 
1 
O » 0 Ч О 
-1 
Y Y 
D y E y 
À А 
1 
О > xX O д я 
Y 
Extended-response question * 
In a garden, a square sitting area paved with stone is to be placed in the centre of 
a square area of lawn that is 20 m by 20 m. 
a Write expressions for the area of the: Em 
i sitting area 
ii lawn Sitting ПОО 
b Factorise your expression from part a ii. area 
c What will be the lawn area if: xm 
Ї x=4? ti х=9? 
20m 
d What value of x makes the lawn area 
equal to: 
i 175m?? 
ii 75% of the total area? 
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А 


Accuracy How true a measurement is compared 
to the real measurement 


Acute Between 0 and 90 degrees 


Adjacent (Trigonometry) The side next to the 
given angle that is not the hypotenuse 

Algebraic fraction A fraction containing 
pronumerals as well as numbers 

Algorithm A procedure involving a number of 
steps to find the answer of a problem 

Alternate To sit across the transversal and equal in 
value 

Angle of depression The angle of your line of 
sight from the horizontal when looking down at an 
object 

Angle of elevation The angle of your line of sight 
from the horizontal when looking up at an object 
Angle of reference The angle in a right-angled 
triangle that is used to find the opposite side and 
the adjacent side 


Annual Occurring once per year 


Area The number of square units needed to cover 
the space inside the boundaries of a 2D shape 


Association A relationship between two variables 


Asymptote A line whose distance to a curve 
approaches zero, and the curve never touches 

it 

Average A summary statistic of a set of values, 
calculated by summing the set of values in a 
data set and dividing by the total number of 
values 


Axis of symmetry A line through a shape so that 
each side is a mirror image 


B 
Backtracking A process for solving linear 
equations step by step 


Base The number or pronumeral that is being 
raised to a power 


Bimodal When a set of data has two modes 
Binomial A two-term expression 
Bivariate data Data that involves two variables 


Borrow An amount of money that is lent by a 
bank or person with the intention of it being paid 
back 

Box plot A diagram using rectangles and lines 
to show the spread of a set of data, using five 
important values 


Budget A plan ав to how money will be allocated 
to expenses 
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С 


Capacity The volume of an object measured in 
litres or millilitres 


Cartesian plane Formed by two perpendicular 
axes with points in the plane defined by a set of 
coordinates 


Categorical data Data that is recorded in 
categories; e.g. favourite colour 


Census Statistics collected from an entire 
population 


Chance The likelihood of an event happening 
Circle A shape with a centre and radius 


Circumference The distance around the outside 
of a circle; the curved boundary 


Clockwise |n the same direction as hands on a 
clock 


Coefficient A numeral placed before a 
pronumeral, showing that the pronumeral is 
multiplied by that factor 

Cointerior To sit on the same side of a transversal 
and are supplementary 


Column graph А graphical representation of a 
single category or type of data. Columns are used 
to show the frequency of scores 


Commission Earnings of a salesperson based on 
a percentage of the value of goods or services sold 


Common factor Factors that are same for two or 
more terms 


Complement А set of outcomes containing the 
elements that are not in another given set 


Compound interest A type of interest that is paid 
on a loan or earned on an investment, which 

is calculated not only on the initial principal, 

but also on the interest accumulated during the 
loan/investment period 

Conditional probability ^ measure of the 
probability of an event occurring given that another 
event has occurred 


Congruent (figures) Figures that are exactly the 
same size and shape 


Constant of proportionality The constant value 
of the ratio of two proportional quantities x and y; 
usually written y = kx, where k is the constant of 
proportionality 

Constant term The part of an equation or 
expression without any pronumerals 


Continuous data Numerical data that can take 
on any value in a given range; e.g. time taken to 
run a marathon 


Coordinates 
An ordered pair written in the form (x, y) that 
states the location of a point on the Cartesian plane 
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Correlation (or association) A measure of the 
relationship between two variables 


Corresponding To be in similar positions and 
equal in value 


Cosine (cos) The ratio of the length of the 
adjacent side to the length of the hypotenuse in a 
right-angled triangle 

Cost price The price at which goods have been 
bought by a retailer 


Cross-section The shape of a cut through a solid 


Cylinder A solid with two parallel, congruent 
circular faces connected by a curved surface 


D 


Debit An amount of money removed from an 
account 


Deductions Amounts of money taken from gross 
income 


Define To give the meaning of a variable 


Denominator The part of a fraction that sits 
below the dividing line 


Deposit A sum of money paid into an account ог 
as the first instalment of a purchase 


Diagonal A line segment joining opposite vertices 
in a shape 

Diameter A line passing through the centre of a 
circle with its end points on the circumference 


Difference of perfect squares (DOPS) When 
one square term is subtracted from another 


Dilation A transformation where a curve is 
enlarged or reduced but the centre is not changed 


Directly proportional When one quantity 
increases or decreases constantly with respect to 
another variable 


Discount An amount subtracted from a price 


Discrete data Numerical data that can only take 
a limited number of values; e.g. number of cars in a 
household 


Distributive law Adding numbers and then 
multiplying the total gives the same answer as 
multiplying each number first and then adding the 
products 

Dot plot A graph in which each dot represents 
one data value 


Double time Pay earnt in overtime at twice the 
usual hourly rate 


E 


Elimination A method for solving simultaneous 
equations, where one equation is added to or 
subtracted from another to eliminate one of the 
variables 
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Employee The person who works for an employer 


Employer The person or business who employs 
people to work for them 


Equation A mathematical statement that states 
that two expressions have the same value 
Equilateral triangle А triangle with all sides 
equal 

Equivalent To have the same meaning or solution 


Equivalent fraction A fraction that is of equal 
value to another 


Evaluate To work out the answer 


Event A situation involving chance or probability 
trials 


Exact value A precise number with no rounding 


Expand Remove grouping symbols (such as 
brackets) 


Experimental probability Probability based on 
recording the outcomes of trials of an experiement 


Exponent Another name for index or power that 
is the number of times a base factor is repeated 
under multiplication 


Exponential decay Repeatedly decreasing a 
quantity by a constant percentage over time 


Exponential growth Repeatedly increasing a 
quantity by a constant percentage over time 


Exponential notation A way of representing 
repeated multiplication of the same number 


Expression A group of mathematical terms 
containing no equals sign 


Exterior angle theorem The theorem that, in a 
triangle, the exterior angle is equal to the sum of 
the two opposite interior angles 


Extrapolation Determining information outside of 
the original data 


F 


Factor A term or value that divides, without 
leaving a remainder, into an expression 


Factorise To write an expression as a product, 
often involving brackets 


Fees A fixed price for a specific service 


Five-figure summary А set of numbers that 
summarise a set of data: the minimum score, first 
quartile, median, third quartile and maximum 
score 


Fixed expenses Expenses that are set and do not 
change during a particular time period 


Formula А general rule for finding the value of 
one quantity given the values of others 


Frequency table A table showing all possible 
scores in one column and the frequency of each 
score in another column 
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Gradient (m) The steepness of a slope 


Gradient-intercept form The equation of a 
Straight line, written with y as the subject of the 
equation 

Gross income Total income before any 
deductions (e.g. income tax) are made 


H 


Highest common factor (HCF) The largest 
number that divides into all terms 

Histogram А special type of column graph with 
no gaps between the columns; it illustrates the 
frequency of class intervals 

Horizontal А flat line or plane 


Horizontal axis The axis that runs parallel to the 
plane 

Hypotenuse The longest side of a right-angled 
triangle (the side opposite the right angle) 


Ол. 
«2 
е 


Identify To establish key information from a 
problem 


Independent events Two events that do not 
influence or are affected by each other 


Index form A method of writing numbers that are 
multiplied by themselves 


Index (power or exponent) The number of times 
a factor is repeated under multiplication (plural: 
indices) 

Inequality An equation using an inequality 
symbol 

Inequality sign A symbol that compares the size 
of two or more expressions or numbers by pointing 
to the smaller one 

Integer ...-3,-2,-1,0,1,2,3... 

Intercept The points where a curve cuts the x or y 
axes 

Interest Additional money paid on a loan or an 
investment over time 

Interpolation Reading information from within a 
graph 

Interquartile range (IQR) A measure of spread 
giving the difference between the upper and lower 
quartiles 

Intersection (Ас B) The elements that are 
common to two or more sets of data 
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Intersection point The point where two or more 
lines meet 

Inverse (Trigonometry) A function that reverses 
the sine, cosine and tangent functions 

Inversely proportional The relationship between 
two variables such that when the value of one 
variable increases, the other decreases 

Invest To put money into an account or other 
type of investment such as shares 

Investment Money that is put into banks, shares 
or other financial scenarios with the aim of making 
a profit 

Isosceles A triangle with one pair of equal length 
sides 


K 


Kite A quadrilateral with two adjacent pairs of 
equal sides 


L 


Length A measurement for distances 

Levy An imposed fee 

Like terms Terms with the same pronumerals and 
same powers 

Linear Forms a straight line 

Linear equation An equation whose pronumerals 
are always to the power of 1 and do not multiply or 
divide each other 

Linear inequality An inequality that involves a 
linear function 

Linear relationship The relationship between a 
variable and a constant term 

Line of best fit A line that has the closest fit to a 
set of data points displayed in a scatter plot 

Line segment A section of a straight line 

Loan Money borrowed and then repaid, usually 
with interest 

Long run proportion The ratio of favourable 
outcomes to the total number of trials in an 
experiment after conducting a very large number of 
trials 

Lower fence The lower limit of a set of data. Any 
value below this is considered an outlier 

Lower quartile The number above 2596 of the 
ordered data 

Lowest common denominator (LCD) The 
lowest common multiple of the denominators 

of fractions, used to compare, add or subtract 
fractions 


M 


Maximum (Graphing) A point which is the 
highest in a particular area 
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Mean Ап average value calculated by dividing the 
total of a set of numbers by the number of values 


Median The middle score when all the numbers in 
a set are arranged in order 


Midpoint The point on an interval that is 
equidistant from the end points of the interval 


Minimum (Graphing) A point which is the lowest 
in a particular area 


Mode The score that appears most often in a set 
of numbers 


Modelling The use of mathematics, equations and 
graphs, to describe a real-life situation 


Monic quadratic A quadratic expression where 
the coefficient of the squared term is 1 


Monic quadratic trinomial A 3-term quadratic 
with the coefficient of x? as 1 


Multiple A number or expression multiplied by an 
integer greater than 1 


Mutually exclusive Two events that cannot both 
occur at the same time 


N 
Net А 2-dimensional representation of the 
surfaces of a 3-dimensional solid 


Net income Income remaining after deductions 
have been made from gross income 


Nominal data Categorical data that has no order; 
e.g. colours 


Non-linear An expression or graph that does not 
result in a straight line 


Null factor law If two numbers multiply to give 
zero, then one or both of those numbers must 
be zero 


Number plane A diagram on which two numbers 
can be used to locate any point 


Numerator The part of a fraction that sits above 
the dividing line 

Numerical data Data that is decribed with a 
number; e.g. the height of buildings 


О 


Obtuse Between 90 and 180 degrees 


Opposite (Trigonometry) The side opposite the 
given angle 

Ordinal data Categorical data that can be 
ordered; e.g. high, medium, low 

Origin The point where the horizontal and vertical 
axes meet, it has coordinates (0, 0) 

Outcome One of the possibilities from a chance 
experiment 

Outlier Any value that is much larger or much 
smaller than the rest of the data in a set 
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Overtime Time worked in addition to normal 
working hours 


Р 


р.а. (рег annum) Anually; that is, per year 


Parabola A smooth U-shaped curve with the basic 
rule y 2 x? 


Parallel box plot Two box plots drawn on the 
same scale used to compare two related sets of 
data 


Parallel lines Lines in the same plane that are the 
same distance apart and never intersect 


Parallelogram А quadrilateral with two pairs of 
parallel sides 

Percentage A convenient way of writing fractions 
with denominators of 100 

Perfect square A quadratic trinomial that can be 
expressed as a single square 

Perimeter The total distance (length) around the 
outside of a figure 

Perpendicular To be at 90 degrees 

Pi The number 3.14159... associated with circles 
Plot Using points to help draw a graph 

Point of intersection The point at which two 
lines cross each other and therefore have the same 
coordinates 

Polygon A two-dimensional shape where three or 
more straight lines are joined together to form a 
closed figure 

Population А group of people or objects with 
something in common 

Power Another name for index that is the 


number of times a base factor is repeated under 
multiplication 

Precision The ability to obtain the same result 
many times 
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Principal (P) An amount of money invested in a 
financial institution or loaned to a person/business 


Prism А solid with a uniform (constant) 
cross-section 


Probability A measure of the likelihood that an 
event will occur. 


Product The result of multiplying 


Profit The amount of money made by selling an 
item or service for more than its cost 


Pronumeral A letter representing a number 


Pythagoras’ theorem |n a right-angled triangle, 
the square of the hypotenuse is equal to the sum of 
the squares of the other two sides 


Q 


Quadratic An expression of the form ax? + bx +c 
Quadratic equation An equation with the 
highest power equal to 2; e.g. x? - 3x «1-0 
Quadrilateral A 4-sided shape 


Quartiles The three values that separate the 
scores when a set of ordered data is divided into 
four equal parts 


R 


Radius The distance from the centre of a circle to 
its outside edge 

Range The difference between the highest and 
lowest numbers in a set 

Rate A measure of one quantity against another 
Rate of interest (r) The annual percentage 

rate of interest paid on a loan or earned on an 
investment 

Ratio A comparison of quantities usually written 
as a fraction or in the form a : b 

Reciprocal One of a pair of numbers that when 
multipied together produce 1. The reciprocal of x 
is 1/х 

Rectangle A parallelogram with all angles 90 
degrees 

Reflection A transformation where a curve is 
flipped across a line on the number plane 
Regular polygon А polygon with all sides equal 
and all angles equal 

Repayment An amount paid to a financial 
institution at regular intervals to repay a loan, with 
interest included 

Rhombus А parallelogram with all sides the same 
length 


Right (Geometry) At 90 degrees 


Rise The vertical change when calculating 
gradient 
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Rounding To approximate a number 


Run The horizontal change when calculating 
gradient 


S 


Salary An employee's fixed agreed yearly income 
Sample А group that has been chosen from a 
population 

Sample space All the possible outcomes of an 
experiment 

Scale factor The number you multiply each side 
length by to enlarge or reduce a shape 

Scalene А triangle with all different side lengths 
Scatter plot A diagram that uses coordinates to 
display values for two variables for a set of data 


Scientific notation A way to express very large 
and very small numbers using [a number between 
1 and 10] x 10Pewer 


Sector A portion of a circle between two radii 
Selling price The price that a retailer sells goods 
to a buyer for 

Significant figure А digit that indicates how 
accurate a number is 


Similar (triangles) Triangles whose corresponding 
angles are equal and whose corresponding sides 
are in the same ratio 


Simple interest A type of interest that is paid on 
a loan or earned on an investment, which is always 
calculated on the principal amount loaned or 
invested 


Simultaneous equation To find a solution that 
satisfies more than one equation 


Sine (sin) The ratio of the length of the 
opposite side to the length of the hypotenuse in a 
right-angled triangle 

Skewed data Data that is unevenly distributed 
either side of the mean or median 

Slope The steepness of a line 


SOH CAH TOA A way of remembering the 
trigonometric ratios: sine equals opposite 

over hypotenuse; cosine equals adjacent over 
hypotenuse; tangent equals opposite over adjacent 


Solid A 3-dimensional shape 
Solution The answer 
Solve To find the value of an unknown quantity 
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Speed The rate at which something is moving 


Square A parallelogram with all angles 90 degrees 
and all sides the same length 


Square root A number whose square results in 
the number under the square root sign 


Standard form (Quadratics) An expression of 
the form ax? +bx+c 


Stationary An object not moving, that is at rest 


Statistical data Information gathered by 
observation, survey or measurement 


Stem-and-leaf plot A table that lists numbers in 
order, grouped in rows 


Subject The pronumeral or variable that is alone 
on one side of an equation 


Substitute To replace pronumerals with numerical 
values 


Supplementary To add to 180 degrees 
Surd A number with a root symbol 


Survey A set of questions used to collect 
statistical data 


Symmetrical data Data that is balanced on either 
side of the mean and median 


T 


Tangent (tan) The ratio of the length of the 
opposite side to the length of the adjacent side in a 
right-angled triangle 

Taxable income The amount of a person's 
income to be taxed after deductions are subtracted 


Taxation Money paid as tax to the government to 
pay for hospitals, schools, roads etc. 


Tax bracket A range of incomes that are taxed 
at a given rate. This rate varies for different income 
ranges 


Tax return A document completed and given to 
the tax office to calculate any extra tax they must 
pay or a refund they are owed 


Term A group of numbers and/or pronumerals in 
an expression connected by only multiplication and 
division 

Theoretical probability The expected probability 
of an event based on the number of favourable 
outcomes compared with the total possible 
outcomes 

Time and a half А pay rate of overtime that is 1.5 
times the normal hourly rate 

Time-series data A set of data collected in 
sequence over a period of time 

Total surface area (TSA) The total number 

of square units needed to cover the outside of a 
solid 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


ISBN 978-1-108-87886-9 
Photocopying is restricted under law and this material must not be transferred to another party. 


Transformation A change in the position, 
orientation or size of an object 


Translation A transformation where a curve is 
moved a certain distance on the number plane 


Transversal A line that cuts two or more lines 


Trapezium А 4-sided shape with at least one pair 
of parallel sides 


Tree diagram A way of listing the sample space 
in a probability experiment involving two or more 
components 


Trend A general direction that something is 
changing 

Trend line Line of best fit 

Trial One run of an experiment 

Triangle A three sided shape 


Trigonometry A branch of mathematics 
connecting angles and lengths 


True bearing (^T) An angle that is measured 
clockwise from north 


Turning point The highest or lowest point on a 
parabola 


Two-step experiment А probability experiment 
that involves two actions to determine an outcome 


Two-way table A table used to display two sets of 
outcomes 


U 


Uniform To be the same 


Union (4‹ В) The combination of all elements 
from two or more sets of data 


Unit A type of measurement; e.g. cm or litres 


Upper fence The upper limit of a set of data. Any 
value above this is considered an outlier 


Upper quartile The number above 7596 of the 
ordered data 


V 

Variable An unknown, which can take on any 
value 

Variable expenses Expenses that may change 
during a particular period of time or over time 
Venn diagram А diagram using circles to show 
the relationships between two or more sets of data 
Verify To check or confirm 

Vertex (Graphing) The turning point 

Vertical At right angles to a horizontal line or 
plane 

Vertical axis The axis that runs perpendicular to 
the horizontal axis 

Vertically opposite To sit opposite when two 
lines cross. Vertically opposite angles are equal. 
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Volume The amount of three-dimensional space 
within an object 


W 
Wages Earnings paid to an employee based on an 
hourly rate 


Without replacement An experiment where an 
item is not replaced before the next selection is 
made 


With replacement An experiment where items 
are replaced before the next selection is made 


X 


x-axis The horizontal axis on a Cartesian plane 
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x-coordinate The first coordinate of an ordered 
pair 

x-intercept The point at which a line or curve cuts 
the x-axis 


Y 


y-axis The vertical axis on a Cartesian plane 


y-coordinate The second coordinate of an 
ordered pair 


y-intercept The point at which a line or curve cuts 
the y-axis 
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Chapter 1 


Warm-up quiz 
1 a Circle b Square с Parallelogram 
d Triangle e Rectangle f Trapezium 
g Semicircle h Rhombus 
2 a 1000 b 100 c 10 d 1000 
e 500 f 25 
3 a 12cm b 32m c 5.9mm 
4 a 10cm? b 70m? c 36km? 
5 а 4cm? b 14m? c 6km? 
6 C-3142m 
A =78.54 m? 
1A 
Now you try 
Example 1 
a 460cm b 3.2km 
Example 2 
a 32cm? b 240m? 
Example 3 
a 210000cm? b 94cm? 
Exercise 1A 
1 a 1000 b 10 c 100 
2 a 100 b 10000 c 1000000 
3 a 1000 b 1000000000 c 1000000 
4 a 43.2mm р 0.327 km с 8.34m 
4 96тт е 0.2975km f 1.27cm 
5 a 300000mm? b 5000cm? 
c 5 000 000 m? d 29800cm? 
e 53700 mm? f 230cm? 
6 a 2000mm? b 200000 cm? 
c 57cm? d 15000000 m? 
e 0.0283 km? f 0.762 m? 
7 5500m 
8 a 234m b 22m 
9 a 118mm b 147.3cm с 453.258 km 
d 15.5 cm? e 3251 cm? f 3739 m? 
g 484500 mm? h 537300 më 
10 21.5 ст 
11 For a high level of accuracy 
12a 8.85 km b 4.5 feet с 26.67 cm 
d 1.243 miles e 57 000 m? f 0.247L 
g 8200mL h 5500000 mL i 1000 sq feet 
j 2000L к 100 ha | 0.152 m? 
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1B 
Now you try 
Example 4 
a 19m b 40.5 mm 
Example 5 
9.9cm 
Example 6 
a 6m 68m b 51m 
MK ,65m 
13m К 
6.2 m 
12.5 т 
Exercise 1B 
1 perimeter 
2а6 b 7.1 с 43 
3 a 12cm b 23m с 11km 
d 12m e 19.2cm f 10m 
4 a 67cm b 65mm c 18m 
d 810m e 9.4 km f 180cm 
5ах-4 рх-2 сб x=6 
6ax=3 р х= 8.8 с х= 0.1 
Tai 10.6 т ii 30.8 т 
e 
bi 15m ii 60m 
“| 
ci 16.8 m ii 61.6 m 
9.3 
E y т лот 
АЛ т 
13.3 т 
di 146m 1150 ii 69.4 m 
ат 
“| LU 
4.5 т 
18.7 т 
еі 57 6.4m ii 55.8 m 
12.5 m 12.5 т 
13m 
701 
© Greenwood et al. 2021 Cambridge University Press 
Updated June 2023 


Photocopying is restricted under law and this material must not be transferred to another party. 


8 а 7.56m? 


b $491.40 


9 1 and 24, 2 and 12, 3 and 8, 4 and 6 


10a 252.05 m? 
1 a w=2.88 
d а-1.05 


b 177.86 m? 
b /-14.35 
e h=1.87 


12 All answers = 3 


1E 
Now you try 


Example 11 
а 78.54 m? 


Example 12 
51.31 mm? 


Example 13 
22.57 m? 


Exercise 1E 


ТЕ 
2€ 


3a 


о. 
|= M= 


a 50.27 cm? 
d 38.48 m? 
a 39.27 m? 
13.09 m? 
6 157.1 cm? 
7 а 14.28 cm? 
8 
9 


a 


43.24 m? 

a 34.8 cm? 

d 103.3 mm? 
10a 20 


1F 
Now you try 


Example 14 
118cm? 


Example 15 
480 mm? 


Exercise 1F 


net 
a 6 
a 35cm? 
a 90cm? 
a 240m? 
a 8.64 cm? 
384 cm? 


b 565.49 cm? 


b 12.07 cm? 


4.91 m? 
69.81 cm? 


b 178.54 m? 


b 635m? 
e 578.5 km? 


12 cm? 
46 m? 
168 m? 
836.6 m? 


с 154.51 cm? 
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f i 23 ца” 2.5m fn ii 52.2 m 
10.9 m 10.9 m 
12.7 m 
8 20m 
9 15cm 
10a Р-4/ b P=2/+2w с P=x+y+z 
d P=a+2b e Р-4/ f P=3s 
13 
12 13 
10 
Now you try 
Example 7 
a 31.42m b 15.24ст 
Example 8 
16.71 cm 
Exercise 1C 
1 a radius b diameter € circumference 
2a C-zd b C-2zr 
1 1 3 
3 a 2 b 1 с 1 
4 а 1885т b 31.42m с 31.42 Кт 
d 113.10 ст е 61.07 mm f 3.36 кт 
5 а 27.42m b 16.28 ст с 6.71 mm 
d 12.22cm e 14.71m f 59.70cm 
6 a 9.42m b $423.90 
7 аі 314m ii 47.12 m 
b 3.14 km 
8 319 times 
9a 1225 b 53.03 с 1.37 
d 62.83 e 19.77 f 61.70 
‚_ С 
10a r= эт 
b i 5.57cm ii 0.29 m iii 0.04 km 
fl a 3.5cm 
b i 21.99cm ii 65.97 cm iii 109.96 cm 
с 12.73 ст 
10 
Now you try 
Example 9 
a 9m? b 40cm? c 42mm? 
Example 10 
а 48.75m? b $536.25 
Exercise 1D 
1aeE b B сЕ 
d C e D fA 
2 а 2cm b4m c 43cm d 10cm 
3 a 4m? b 21cm? c 1176m? 
d 21m? e 22.5 mm? f 2m? 
4 a 25cm? b 546m? c 1.82km? 
d 0.025 mm? e 1.1234 m? f 100cm? 
5 a 0.96 m? b 9600 cm? 
621m 
7 a 13.6 m? b $149.60 
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со мло сло м 


3880 ст? 

9 3520 ст? 

10 а 5.1161 р 
11 а Waterproof 13.76 L 

Smooth paint 22.86 L 
b $553.46 

12a 105cm? b 5cm? c 
13 Yes, only 5 L required 


16 m? 
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10.232 L 


c h=1.44 
f x=8.89 


cc wl 


72.38 m? 
124.69 km? 
84.82 m? 
8.03 m? 


c 32.14 mm? 
c 87m? 


f 50m? 
d 5 


d 96cm? 


d 1176 cm? 
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Progress quiz 11 а 25cm? | b 4cm Р 
1 a 9000 т b 45000 cm? | оо СНВ — from 
c 145000 тт? Sa 13m) — b 15001 20.9 cm? 
2 a 17 ст b 38m ii шини 
3a 21. т b 67.2 т 1 
8.2 m 
124m 16.7 m Now you try 
sem Example 20 
4.5 т 


4 a С= 25.13 ст, A = 50.27 cm? 
b С = 31.42 т, А = 78.54 m? 


а 0.1m or 10cm 


Example 21 


р 0.01Ктог 10m 


5 a 30m? b 34m? c 50cm? d 33.5 cm? a 35.5cm to 36.5cm b 15.05m to 15.15m 
6 $607.20 : 
7 A=49.6m2, P-379m Exercise 11 
8 a 102m b 152 ст? 1 From 3.35 to under 3.45 (i.e. 3.43, 3.39 etc.) 
2 a 347cm b 3m 
1G 3 6.65 
4 a icm b 0.1 mm 
Now you try c im d 0.1kg 
Example 16 e 014 f 1m 
72.38 cm? g ih h 0.01 m or 1cm 
i 0.01km or 10m 
; 5 a 45mto 55m р 7.5cm to 8.5ст 
ponies с 77.5mm to 78.5 mm d 4.5ns to 5.5ns 
1 a circle b 2zrh e 1.5km to 2.5 km f 34.15cm to 34.25 cm 
2ai 4m ii 7m g 3.85kg to 3.95 kg h 19.35 kg to 19.45 kg 
b 2513m і 457.851 to 457.951 j 18.645m to 18.655m 
c 276.46 m? k 7.875km to 7.885 km | 5.045s to 5.055s 
3 а 100.53 m? b 376.99 cm? 6 a 30m b 145g c 4.6km 
с 1225.22ст2 d 74.64 mm? 7 а 149.5cmto 150.5 cm 
4 a 2557.3 cm? b 502.9 m? b 145cmto 155 ст 
5 a 63m? b 6283.2 cm? с 149.95 cm to 150.05 cm 
6 240m? 8 a 24.5cmto25.5cm 
7 628.3 ст? b i 245cm ii 255cm 
8 75.4 т? 9 а 9.15ст 
9 а 173.9 cm? b 217.8 m? b 9.25cm 
c 31.6 m? d 52.9 ст? с 36.6cmto37 ст 
10a 25.13 m? b 251.33 m? с 6.28 т 10 a If they ай choose a different level of accuracy, then they will have 
d 159.15 times e 4000 m2 different answers. Also, human error plays a part. 
b Johan: nearest kg; Amy: nearest 100 g; Thomas: nearest 10 g. 
1H € Yes; however, the more decimal places being considered then the 
more accurate that the measurement will be when used in further 
Now you try calculations, if they are required. 
Example 17 fia Distance between towns, cities, or airplane rides; length of 
360 cm? major rivers 
b House plans, plumbing plans and building, in general 
Example 18 c Mixing chemicals, administering cough mixture to children, 
254.47 m3 matching paint colours, pay for petrol 
d Filling a swimming pool, describing the fuel tank of a car or plane 
Example 19 12 Compare your results with those of other students. Answers may vary. 
72L 
Exercise 1H Maths@Work: Bricklayer 
1ac bA c B 1 а /=23ст= 0.23 m; л = 11 ст= 0.11 m 
2 а 1000 b 1000 b 253 ст: 0.0253 m? 
3 10cm? с 1922.8 ст? 
4 a 240m? b 480 ст? с 0.18 m? d i 239m ii 23.99 m 
5 a 11310cm? Ы 19.63 m? c 4.83 mm? e 2990 mm 
6 a 20cm? b 90cm? f Approx. 237 bricks 
7 a 36m? b 15cm? € 0.572 mm? 2 a 36 x 23 bricks — 828 bricks b 42 bags c $831 
8 5890.49 cm? 3 a 1 pack b 2 packs 
9 a 721 b2L c 2L 4 a 8 layers 
10 а 1583.36m? b 30km? с 196 cm? b 159.6 ст 
d 30m? e 10cm? f 245m? с 64 x 40 bricks = 2560 bricks 
d $3775 
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5 | Brick wall 
dimensions Numbers of bricks used 
Per layer Number of 
Length| Height} (row) layers | Total 
5750 | 2150 24 18 432 
21350 | 6230 89 52 4628 
6 | Bricks Cost of pallets 
Number | Decimal |Number | Cost рег | Total 
of number of pallet cost 
bricks of whole | (including of 
used pallets | pallets GST) pallets 
432 0.432 1 $1358.24 | $1358.24 
4628 4.628 5 $1541.56 |57707.80 
Cost of mortar Total 
Decimal Cost per | Total | cost of 
number | Number bag cost | mortar 
of mortar | of whole | (including of and 
bags bags GST) mortar | pallets 
21.6 22 $7.95 $174.90 | $1533.14 
231.4 232 $8.45  |$1960.40) $9668.20 
7 a $3015.02 b $10711.17 
Puzzles and games 
1 PRISM 2 No 3 21.46% 4 11 
5 r=2 6 942cm? 7 27cm? 
Short-answers questions 
1 а 5300m b 27m? с 40 mm? 
2 а 13 b 24cm с 38m 
3 а 18.85m Ы 28.27 m? 
4ai 1942m ii 26.14m? 
bi 19.50m ii 21.87 m? 
ci 14.28 т йі 12.28 m? 
5 a 10 b 25.9 с 17.5 
6 a 828m? b 136 cm? 
7 376.99 т? 
8 a 40cm? b 125.66m? c 21cm? 


9 a 5.5cmto 6.5 cm 
с 16.205 mto 16.215 m 


Multiple-choice questions 


TE 2B 3€ 
ТЕ 8 D 9 B 


Extended-response question 


1ai 2321m ii $383 
b 19.6 m2 
c 3 
d 6.6 më 
2 а 50.27 m? 
c 100.53 m? 


Chapter 2 


Warm-up quiz 


1 a $99.62 


d $84.51 


2 а 20 b 


b $1612 
e $1683.85 


75 20 


р 4.15 kg to 4.25 kg 


b 150.80 m? 
d 100530.96 L 


c $2742 


5А 68 


68 45 


i0 — "10 
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3 a 0.5 b 0.25 c 02 
d 0.4 е 0.3 
4 a 16.79 р 7.35 с 45.34 
4 6.84 е 102.90 
5 а= 4519.28, b = 50509.20, с= 29 572, 
а = 54878, е = 97 903.46 
6 а 565312 р $187 200 с $49686 
d $35 800 
7 a $40 b $250 c $2 
d $211 e $2.56 f $750 
8 a $20 b $300 c $64 
9 4-818, b=$323, с= $264, d-$112, e= $57.92 
10 а 550 b $56 с $550 
2A 
Now you try 
Example 1 
a 24% b 43.75% б 15% 
Example 2 
pa » 16 21 
100 25 200 
Example 3 
а 0.28 р 0.03 с 0.6 
Example 4 
$828 
Ехегсіѕе 2А 
1 а multiply b divide c multiply d divide 
2а1 100 ii 23100 
b i 0.18 ii 0.05 
3 a 10,5 р 25, 412, 103 с 2,12 
4 а 50% р 20% с 25% d 10% 
е 1% Г 28% 30% һ 75% 
i 6219 j 76% k 99% | 94% 
5 a 17% b 73% с 48% d 9% 
е 6% f 13% g 113% h 101% 
i 80% j 90% k 99% 1 17.5% 
71 4 1 11 
6 a d: 9 Ч 50 
2 22 3 33 
2: ET 9 20 һ 200 
T z 79 21 21 
i — j — k — | = 
40 400 400 40 
7 a 0.61 b 0.83 с 0.75 4 0.45 
е 0.09 f 0.9 g 0.5 h 0.165 
i 0.073 j 2 k 4.3 | 0.005 
8 a $25 b $150 c $60 d $90 
e $21.60 f 344grams 4 $50.40 h $107.80 
i 350m 
15 1 
9a 300 20 5% 
10 68 kg 
11 47.52 minutes 
12 16.67% 
13 11 59 
14 $205.97 
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15а 14 b i 320% е NSW- 32% d 90° 20 
1.7 ii 25.0% Vic — 25% 


Now you tr 
1.2 iii 10.9% Qld — 209 , 1 
0.8 SA — 7% Example 10 
13 WA — 11% a $962.50 b $716 
04 Tas — 2% Example 11 > 
0.4 NT — 1% $2693.60 ашу 
14 ACT — 2% Example 12 o 
1.3 $575.94 > 
2В Exercise 20 со 
Now you try тар bc cA d B o 
2 $36842 
Example 5 3 а $22.80 Ы $30.40 
$728 4 a $690.90 b $483.70 
Example 6 5 Gross income Net income 
$2214 a $570 $415 
b $984 $764 
Example 7 с $604.90 $304.90 
a $109 b 12.27% d $3430 $2920 
Example 8 e $930.15 $746.15 
a $41.60 b $192 6 a $3558.72 b $92526.72 
Example 9 7 a $1960 b $6960 
a $143 b $77 8 $34375.00 
9 a $1480.77 b $150 € $1630.77 d $88 425 
Exercise 2B 10 1.25% 
11 $365.70 
1а 111 р 1.2 с 1.02 12 $2000 
d 1.18 13 a Kuger Incorporated b Mathsville Credit Union, 00 754 031 
2 a 0.95 b 0.7 с 0.85 с 572454 d Fortnightly e $4420 f $26.45 
d 0.5 g $600.60 п $16016 tax, net = $49 793.90 
3 a Selling price, cost price b selling price i $34.71/h 
c selling price, cost price 
4 a Profit: $5 b Profit: $2.50 € Loss:$16 2D 
5 a $94.50 b $440 c 566 
d $529.20 e $56 f $7210 Now you try 
g $56.43 h $3.60 
6 a $1425 b $360 c $376 Example 13 
d $68 e $412.50 f $47.03 a 581770 b $18 201.90 
g $101.58 h $35.80 € $1635.40 d $19837.30 
е 24.3% f Not enough; must pay another $2392.30 
Т Га | se 60% : 
b $60 257 Exercise 2D 
с $3 20% 1 Taxable income = gross income minus deductions 
d $7.50 3% 2 а True b False 
: 3 37с 
e | 52325 | 75% 4 а $93605 b $22580.85 c $1872.10 
f $0.99 18% d $24452.95 e 26.196 f Refund of $796.05 
5 a $2242 р 511047 с $43447 4 563547 
2.2 261.2 
: det з- Daal 6 a $65625 b $12875.13 
10 а $67.96 b $11.99 € $1312.50 d $14 187.63 
tla $2140 25 hb $305 75 e 21.6% (to1d.p.) f Not enough paid; owes $1117.63 
12а $221.40 — b $147.60 7 $87 500 
13а $1225 b $24.50 : em 
14a $8443 0 $9487 $ | ee 
15 $104.71 10 If a person pays too much tax during the year they will receive a tax 
16a $106.15 b $37.15 refund. If they do not pay enough tax during the year they will have a 
: ` tax liability to рау. 
т FR : 2 11 They only pay 45 cents for every dollar over $180 000. 
18a $13 b $6 30 c $69.30 d 38.6% 12 a The tax-free threshold has been increased from $6000 to $18 200. 
: И - In the second tax bracket, the marginal rate has changed from 
Jos 31952.24 ЧЁ $211.24 e JT d sore 15c to 19c. In the third tax bracket, the marginal rate has 
changed from 30c to 32.5c. 
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b 2011/2012 | 2012/2013 
Ali $0 $0 No change 
: $1350 less 
Xi $1350 $0 tax to pay 
$1358 less 
Charlotte $3600 $2242 | tax to pay 
` $753 less 
Diego $8550 $7797 tax to pay 
13 Non- 
Resident | resident 
Ali $0 $1625 . 
Xi 80 $4875 Non-residents pay 
a lot more tax than 
Charlotte} 52242 $9750 residents. 
Diego $24947 | $32950 
14a Answers will vary. 
bi 517547 
ii $32.50, so this means that the $100 donation really costs 
you only $67.50. 
2E 
Now you try 
Example 14 
a 528890 b $12840 c Yes, approx 562 per week 
Example 15 
a $7182 b 8.896 
Example 16 
The 4 double length rolls 
Exercise 2E 
1 a Fixed b Fixed c Variable d Variable 
2 $124.28 
3 $2162 
4 a $41250 b $33750 € Yes, $144 per week 
5 $106 
6 a $33068 b 73.596 
7 a $7756 b $3878 с $149.15 
8 a 582708 b $1590.54 c 24% 
9 a 13.43% b 29.56L 
10a $342.55 b $2137.51 c 11.68% 
Tl a | Food $86.40 
Recreation $43.20 
Transport $56.16 
Savings $86.40 
Taxation $108.00 
Clothing $51.84 
b $56.16 c 30% d $673.92 е 10% 
12 200 tea bags 
13 Daily 


14a Mon-Thurs – $87 
Fri-Sat — $93.50 
Weekly — $71.43 
Weekly 


500 mL bottle c $2.10 
Cost of packaging 
$248 b $240, 6 containers 
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2F 
Now you try 


Example 17 
a $56.25 


Example 18 
a $7344 


Exercise 2F 


1 interest principal c 
$300 

3% 

$420 

4% p.a. 
$184.72 
$16 692.25 


$17 600 


a 

d 

a 

a 

a с 

е 

а 

а $5192.25 

а $7600 

51008 

9 а 5228 

10 16% 

11 12.5 years 

12 566 667 

13 57500 

14a $1250, $2500 
с $220.31,$331.11 


с 
С 


5684 б 


Progress quiz 
2 

1 0.32 b = 
d 25 

31 


e 25.2% f 200 
53840 

a $285.20 
$194.35 
40% 

a $956 b $722.20 
$75 875 b $16 206.38 
Cameron must pay $2468.88 
$31 256 b 38.1% 
$4720 b 4.5 years 


b 194.4 mL 


мость C n 


a 
d 
a 
a 


26 
Now you try 


Example 19 
$3787.43 


Example 20 
а п-24,г-0.25 


Example 21 
$7267.24 


Exercise 2G 


1 a $50 

2 a $1200 
3 a 700(1.08)2 
850(1.06)* 
$5105.13 
$13 652.22 


b $550 
b rate of interest 


a 
a 
a 
с 
а b $11 
с 
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с 44% 


с $55 


rate of interest 


$192.50 d $46.88 


$198.72 
$366.67 


$4684 


$1968.75, $1920.00 


d 31.25% 


c 132.6cm 


c $1517.50 


b n=8,r=3,5 


d $605 
сЗ 


b 1000(1.15)® 


946.33 


d $9550.63 
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5 а $106000 b 5112 360 
d $133822.56 e $179084.77 
6 a 6, 396 b 60, 196 
d 14, 2.62596 e 32, 3.7596 
7 $11446.15 
8 a $2254.32 b $87 960.39 
d $789.84 е $591.63 
9 а $5075 b $5228.39 
10a i $3239.42 ii $3348.15 
iv $3461.88 v $3465.96 
b $226.54 
Na P=300,n=12,r=7%, 


R= 14%, = 6 years 
b P=5000,n = 24, г = 2.5%, 
R= 30%, t = 2 years 
с P= 1000, п =65,r = 0.036%, 
R = 0.936%, t = 2.5 years 
d Р = 3500, n = 30, r = 0.0053%, 
R = 1.934546, t = 30 days 
e Р= 10000, л = 10, г = 7.8%, 
R = 7.8%, t = 10 years 
12 5.3% compounded bi-annually 
13 а i Approx. 6 years 
iii Approx. 9 years 
v Approx. 7 years 
b Same answer as part a. 


c Yes 
2H 
Now you try 
Example 22 
а $16 320 b $3320 
Example 23 
a $954 b $3294 c $114 
Example 24 
a $3.96 b $1.72 debited 
Exercise 2H 
1 a Repayment b Investment с Loan 
2 a $2640 b $3960 c $13200 
3 $124.50 
4 a $18600 b $8600 
5 a 55580 b $80 
6 a 360 b $624960 c $374960 
7 a $2550 b $10620 с $13170 
8 a $4.50 b $1.26 
9 a | May | June | July | August 
$2.40 | $3.00 | $0.12 $5.00 
September | October 
$2.08 $0.73 
b $13.33 
10a i $0 ii $0 iii $7500 
b $6375 
€ $1125 
fla i $5250 ii $20250 iii $281.25 
b i $8400 ii $32400 iii $270 
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$119101.60 
$239 655.82 
52, 0.17396 
120, 0.896 


=o =o 


c $1461.53 


c $5386.42 
iii $3446.15 


ii Approx. 12 years 
iv Approx. 5 years 
vi Approx. 4 years 


d $420 
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12a 


Date | Deposit | Withdrawal | Balance 
1 May $3010 
3 Мау | 5490 $3500 
5 May $2300 $1200 
17 Мау | $490 $1690 
18 May $150 $1540 
20 May $50 $1490 
25 May $218 $1272 
31 Мау | $490 $1762 
b $4.90 c $1759.55 d Wages 
13a i $73.13 ii $69.72 iii $75.17 
b $1700 over 3 years 
14a $403.80 b $393.80 c 24 cents a day 
2l 
Now you try 
Example 25 
a $7299.92 b $7200 
Exercise 2l 
1 P=750,r=7.5,n=5 
2 Р-300 r=3 t=25 
3 В 
4 ai $7146.10 ii $6955.64 iii $6858.57 
iv $7260 v $7916.37 
b $6000 at 5.7% p.a. for 5 years 
5 a i $7080 ii $7080 iii $7428 iv $7200 
v $7710 
р $6000 at 5.7% p.a. for 5 years 
6 a i | $240,$240 1 $480, $494.40 
111 $1200, $1352.90 IV $2400, $3163.39 
ii 1 $240, $243.60 1 $480, $502.04 
111 $1200, $1375.67 IV $2400, $3224.44 
iiil $240, $246.71 1 $480, $508.64 
111 $1200, $1395.40 IV $2400, $3277.59 
b Compound interest 
с Compound interest 
та Overall 
Principal | Rate| time | Interest | Amount 
$7000 5% | Syears | $1750 | $8750 
$7000 10% | 5years | $3500 | $10500 
$3300 10% | 3years | $990 $4290 
$8000 10% | 3years | $2400 | $10400 
$9000 8% | 2years | $1440 | $10440 
$18 000 8% | 2years | $2880 | $20880 
b i Interest is doubled ii No change 
iii Interest is doubled 
8 Principal | Rate | Period | Overall time 
$7000 4.56% | annually | 5 years 
$7000 8.45% | annually | 5 years 
$9000 896 | fortnightly | 2 years 
$18 000 896 | fortnightly | 2 years 
Interest | Amount 
$1750 $8750 
$3500 $10500 
$1559.00 | $10 559.00 
$3118.01 | $21 118.01 
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9 а 8.45% b 8.19% 


The more often interest is calculated, the lower the required rate. 


10a i 4.2% ii 8.796 
b It increases by more than this 


Maths@Work: Finance manager 


c 8.12% 


factor. 


1 a $108474 b $110974 
c $108474 d August by $2500 
e The term deposit f 48.32% 
g $70417.33 
2 a 92.07% b $1200 in August 
с It may be billed only every 2 months. d $7200 
3 a $135 459 
b 13796 increase of November's total. 
The Payroll tax increased by $3300 and a performance review cost 
$75 000. 
c i $4584 ii $55008 
d 62.05% 
4a Starting | Scheduled | Interest |Principal| Ending 
balance | payment due paid balance 
$230000.00| $5780.00 |$1725.00 | $4055.00 |$225 945.00 
5225 945.00| $5780.00 |$1694.59 $4085.41 |$221 859.59 
$221 859.59| $5780.00 |$1663.95 | $4116.05 |$217 743.53 
b i $205209.22 ii $1442.93 
iii $347.37 iv $18641.74; $50 718.26 


Puzzles and games 


1 commission, fortnightly, overtime, piecework, annual, gross, net, 
monthly, casual, salary 

2 You take away his credit card. 

3 7 years 4 months 

4 59 games 


Short-answer questions 


1 $1440 

2 a $1084.16 b $4557 

3 a $11.40 b $3.80 

4 $4200 

5 $576.92 

6 a $7400 b $616.67 с $142.31 

7 a $536.06 b $80.41 б 11.5796 

8 a $12725 b 3796 

9 a $1411.20 b $1080.70 

10a $21247 b $1800 

11 $35.55 

12a $1600 b $1166.67 

13a $624.32 b $1022.53 с $635.80 

14a $1050 b $12000 с $6050 

Multiple-choice questions 

1E 2D 3D 4€ 5B 

6E 7B 8 B 9 С 10 E 

Extended-response questions 

1 a $5624.32 b $624.32 с 416% 4 5636.36 

2 а | Date Deposit | Withdrawal | Balance 
181 217.63 
7th 64.00 153.63 
9th 140.00 293.63 
11th 117.34 176.29 
15th 0.51 175.78 
20th 20.00 12.93 182.85 
30th 140.00 322.85 


b $153.63 c $0.08 
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Chapter 3 
Warm-up quiz 
1 a Зх b act с 2m-5 d 4(x+y) 
2 a 20 b 17 c 23 d 22 
3 a No b Yes c Yes d No 
4 a 8m b 5ab б 6x+8y d 8x 
е 1549 f 3y 
5 а 2х+10 b 3y-6 с 8x-12 ай 3х2+х 
ба4 b 6 с 7а d 2x 
e x f 7xy 
31 11 2 3 
Та 10 b 51 с 15 d 2 
8а7 b m? с x2? d 3945 
9 a 49 b 27 с 16 d 64 
10a 3? b 3? c 370 d 3° 
e 3? 
tla 38 b 2310 c 0.172 d 0.0018 
e 1000 f 10000 
3A 
Now you try 
Example 1 
a 4 
b 1 
ci 4 ii —2 
Example 2 
а у+5 b 3x-7 с até d xy? 
Example 3 
a 36 b 38 c 24 
Exercise 3A 
1 a expression b constant term 
€ coefficient d term 
2ах-3 b 5y с E d 2xy 
3a7 b 15 с 5 d 9 e 6 
4ai 3 ii 8 iii 5 
bi 4 ii 2 iii —3 
сі 3 ii —4 iii 1 
5ах-2 b у-4 сб ab+y d 2х-3 
e 5x f 2m g 3r h 5х 
„°З DX a+b 2, 
Ї 1” j : k 1 | хэ 
6 a 12 b 3 c 9 d 10 
e 10 f -2 g 1 h4 
i —6 j 10 k -2 | -9 
7 a 5xc b 35yc 
с $500 d M в11-х 
п т 
8 а $(3.40+ 2d) 
b i $23.40 ii $47.40 
9ai 2x ii 2x-3 iii 3(2x — 3) 
b 21 
10a х+1 and x—- 1 
b No 
€ i (х+1)(х—1) ii Less by one square metre. 
fl a 21 sq. units b 1,2,3,6,9,18 
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3C 


Now you try 


Example 8 
a 3x4 12 


Example 9 
a —4x +20 


Example 10 
а 8a-1 


b 15x — 10 
b —6xy + 12y2 


b y+5 


Exercise 3C 
1 brackets, outside 
2 а 3(х+4) =3хх+3х4 


12a i 4x ii x 
bi 2х-2у ii xy 
ci x+y+5 ii 5 
d i 4ab ii a?b? 
e i 2а2+2Ь il a?b 
f i mn+9 Її 2mn 
3B 
Now you try 
Example 4 
a 4aand 2a 
5ab and 2ba 
b —x?y and 4x?y 
Example 5 
a 10x42 b 5a+2b с 3mn4 5m?n 
Example 6 
a 20xw b –12а2с 
Example 7 
3s 
а 5 b = 
х 5 
Exercise 3B 
Tay b Y c N d Y 
2 a 10g b 5f с 8e d 0 
e 6x f 17st 
3 a 6x b 12a с 10m d —18y 
1 2 7 
3 4 £ 2 
4a 5 b с 3 d 3 
5 а 3ac and —2ac b 4pq and Зар 
с 7x?y and 4ух?,-3ху? and 2x5? d 27? and – r? 
e —2ab and 4ba f 3p?q and 44р? 
g т апа m h x*yand yx?, —xy and yx 
6 a 7:+10 b 4g «1 с 7x—-5 
d т-2 e 3x 4 3y f 2x+6y 
g 5a - 2b h —3m - 2n i 5de 4 тае? 
| 3k/ — 10/2/ k 7x2y + ху? | 3fg - fe? 
7 a 6rs b 6hu с 16wh d 6/25 
e —8es f -10hv g 12cm? h 35/1 
i 8x2y | 24a2b К 3xy? | -16a2b 
m —12m?n* n 20325? о 200252 
x a ab 
y 4а 
е 2b f 3x g 2 һ Б 
x 2х ‚ 2ху п 
9 a 8x b 3x2 
10a 5x b 8y с 4a d -6х 
e 2x f 10a*b 
Na P=4x+6,A=6x b P=4y+16x, A = 16xy 
с P= 20а, A = 25а? 
12 3х 
13a 6x b 8a+7 с 4b d 11х 
e 3x2 f 15xy g 8x? h -29x? 
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-3х-12 
b 2х-5)/-2хх-2х(-5) 
-2х-10 
€ 2(4x-3) 22x Ax - 2x 3 
=8x+6 
d x(x-3)=xxx+xx (-3) 
=x – 3x 
3 a 2х+8 b 3x21 
d 5y — 10 e 6x44 
g 9а – 12 h 14у – 35 
| 12а-95 k 2x? + 10x 
m ба? + 4ab п бху-8у? 
4 a -2x-6 b -5m – 10 
d -4х-12 e –2т + 14 
0 == h -x+y 
j -6х2-15х k -8x? + 8x 
m —6x? + 10xy n —9x? – бху 
5 a 5х+17 b 7х-17 c 2x—1 
e 1-5x f 6x+1 g 6x11 
i 27-6x | 7х+18 К 7p-11 
m 45+ 5 n 4 о 2x-7 
6 a2 b 4 с Зх 
e у, 1 f 2x, Зу 
7 a 2x - 10 b x? +3x 
с 2x? + 8х d 6х2 – 3x 
8 2х2-4х 
9 a х– 18200 b 0.1x — 1820 
10a х2-7х-12 b x?-4x43 
d x?-2x-8 e x?43x – 10 
g 2x*-x-6 h x2+x-12 
3D 
Now you try 
Example 11 
a5 b 7x с Зу 
Example 12 
а 3(х--5) b 6(2m – 3n) 
Example 13 
a 3a(3+8b) b 5x(3x- 7) 
Example 14 
a —4y(2y + 9) 
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518. мМ51ү 


3B 


= == aa ee eo) a antes 
| 
[^ 
= 
| 
A 
гә 


с х2-7х-10 
f 2х°+11х+12 
i 4х2-18х-10 
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Exercise 3D 
1а2 b 9 c 7 d 12 
2ат b F 
3 aC b They have no common factor. 
4a6 b 5 c 4 d 9 
e 5a f 2m g 7x h 8a 
i За | 2х k 8y | 5ху 
5 а 3(x+3) b 4(x - 2) с 10(у – 2) 
d 6(а+ 5) е 5(х+у) f 4(3а+ р) 
4 9(2m — 3n) h 12(3x – 4y) i 4(2х+ 11y) 
| 64a – 3b) k 11(11 + 5и) | 7(2k – 9I) 
6 a 7х(2--3у) b 3b(2a — 5) с 8y(4 — 5x) 
d 5х(х-1) e x(x+7) f 2a(a+4) 
g 6a(2a-- 7b) h 9y(y - 7) i 2x(3x +7) 
| 3x(3x – 2) k 8y(2y +5) | 10 т(1- 4m) 
7 а -2(х-3) b —4(а+2) с —3(х+2у) 
4 -7а(1--25) e —x(1+10y) f —3d(1 + 4a) 
g -х(х-7) h —4x(x +3) i —2y(y +5) 
| —2x(4x +7) k —4x(3x + 2) | —5a(3a + 1) 
8 a ab(7a+1) b 4a2(b +5) € ху(1 = у) 
d х2у(1 + 4y) е 6mn(1-- 3n) f 5ху(х--2у) 
g -yQ + 82) h —3ab(a + 2) i —ab(b +a) 
9 a 4(х--5) b 8(x42) с 2(3x 4 4) 
10 (x + 3) metres 
11 a 2(x - 2y 4 3z) b 3(х2 - 4x 4-2) 
€ A(x? + 2xy + 3) d 3x(2x - y - 3) 
e 5x(2y —z+1) f 2y(2y = 9 +7х) 
12a (x+2)(44+ х) b (х+3)(х+ 2) 
с (х+4)(х—7) d (2x 1)(х – 3) 
e (y—3)(2x +4) f (x-1)(2x - 3) 
3E 
Now you try 
Example 15 
9a 1 
ya b + 
ur 3 
Example 16 
a 2х- 1 b 3 
Example 17 
8 16 
a 5 b з 
Ехатр!е 18 
х 
а А b 9 
Exercise 3E 
2 3 2x 2x 
1a 3 b 1 с 5 d 5 
2 3 1 4 
ng 2 т Ec 
2 1 
3a 5 b 12 
4a y b 2a с zs d 5x 
2 5 5 
e х+1 fxs ол h 5 
: 521 3 
14 1 2 k 3 | 2 
5ах-2 ba-5 с 2y-3 d 25-3 
e 3 14 g 3 h 4 
i x+2 ] x-5 k x+3 Ix 
mx n 2x 0 3x 
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2 3 3 P 
ба 3 b 2 с 1 d 3 
3y 5 4 
e r3 f 6 g 9 h 10 
, 15 . 8 4 
i = j 5 k "x | 12 
745 b 6 с 8а d 1 
8 4 5 
e 154 Ї s g 3 h 2 
ro xal 5 
i 1 i 25 k 10 | 1 
8 a Must factorise first, x +2. 
b Factorise first, x + 2. 
с Need to multiply by the reciprocal of the fraction after division 
. 6 
sign, 7. 
А x+4 
d x is not a common factor, cannot cancel, E 
172a 4 A 
9a 3 b 5 с 1 
2 7 2х 
E: е 18 з 
5 nx i x5 
94 9 9 
10a -3 b -2 с —x 
Хон e х-6 f 2x-3 
x+1 2(x +1) х==2 
tla 2 b 3 с 5 
x+2 х-3 5(2х + 1) 
dn: 8 710 Дд 
ЗЕ 
Now you try 
Example 19 
9x 19x 3x+7 
8 20 14 ийг 
Ехатр!е 20 
2 x-9 9x-2 
30 20 
Exercise 3F 
1 a 20 b 12 c 30 
2a 3x b 6x с5 
3 а x x 9x, 4x 
4 5 20 20 
9x 
20 
jme, UN 
5 10 10 10 
_3х 
10 
Тх ЇХ 2X 2x 
4a 19 b 10 с y d 35 
е 137 үл 7x n 13x 
15 6 9 18 40 
MELOS: ‚ “Зх = - бх 
73 | 710 k -3 |- 
2x+3 3x+10 8x + 21 
даг Цин: шин! 
d 5x-8 бх-5 í 10 – 3x 
20 9 12 
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5х-4 13х + 12 5х-4 
вас b 15 аж 
х-8 x+10 3x+14 
4 7$ 8 710 Шил 
9х--22 h 11х +13 i 5х-7 
87-20 14 12 
| 11х-414 k 3x-2 | 14x – 13 
1 10 24 
1 a Need to multiply numerators also when getting common 
: 17х 
tor, —. 
denominator, 12 
b Need common denominator before subtracting, T 
€ 3(x42) = 3x + 6 and 5(x + 4) = 5x + 20, ман 
d — sign changed to +, ^^ $ а 
x+16 2x + 22 x- 23 х-9 
8 8-5) ^5 07-20 227 
12-2х 3x48 2x15 
sa 3х b 4x i 5x 
Зх — 14 х- 20 24 — 5x 
К 7х E 5x f 8x 
3x+10 x+15 6x-5 
кал, 8 “бх ШЕР 
3x45 4x +1 3-5x 
d 2 е d f 2 
3х-4 12x+7 
h 
и 2x2 3x? 
Progress quiz 
1а4 
b 5 
813 ii = 
2a6 b 9 c 14 
3 a 6x-3 b 5x+5y с 22у  7xy? 
2 x 3n 
4 а 1275 b 3 с 2 
5 а бх+ 9 b 20x? — 8x с —12x4 18 
6 а 8x- 6 b 3х + 32 
7 a 6(т+ 2) b 5a(3 — 4b) € х(4у+ 1) 
d 2x(3x — 5) e —4(2х+ 5) f —Зу(у+ 2) 
8 a 8 i b йг 7 с 2x 
х 
9а 2 riz b 16 
17х 6x-4 
10 a 70 b 8 
5х-1 
11 12 
30 
Now you try 
Example 21 
a 34 b 72? c mn? 
Example 22 
a x? b x5 с 100259 
Example 23 
5af 202 
5 Уб эн 
ab b 7 с 3 
Example 24 
2433 
3 
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Exercise 3G 
1 а base, index or power b power 
d multiply е expanded 
2а8х8х8 b 7x7x7x7x7 
С хосс Ж d ab x ab x ab x ab 
3а7х7х7х7,7/ b 5x5x5x5, 54 
4 a add b subtract 
5a9 b 36 с 15° d 5253 
e 4340 tz» g x3? ва 
i 3332? | 42х2:2 
бах" b p» c e d d? 
e g^ л g 2р5 h 368 
i 6511 | а k Pf’ ЖУ 
m 15а3Ьб n бхЗуЗ о 1869)3 p —8р*‹З 
q —10r7s8 г бабу“ 
та а bd с 12 d c 
el p g 442 һ 2 
: 3m^ а? 
3 2 m йл 
i 3n j 2r k 2 | 3 
4 2 
m 47 T о 242 p 
3 2 
r? 2са5 ay n 
©з 5 з 5 
u —6x?y2 
8 a xy? b m c 1254 d 20252 
8.4 
e uu f 4^ 
2 
9 Stuart hasn't put brackets around —2; i.e. (—2)4. 
10a i 9 ii —9 
b iis-3x (-3) and ii is —(3 x 3) 
сі =8 ii —8 
d They are both —8 since —2 х (-2) x (72) = -8. 
fla 13 b 18 c 81 d 27 
e 64 f 16 
3H 
Now you try 
Example 25 
a 0 b 4 c 4 
Example 26 
а y? b 55 
Example 27 
3 1278 Уу 
а 27т b ар с 81 
Ехатр!е 28 
3 
a 2a к “= с 25т®+1 
y 
Exercise 3H 
1а1 b атт с a" x л d. 
4 
з a „4А а 4 
2 а (2а)*=2ах2ах2а b M зтХУ7Х7Х7 
-2х2х2хахаха 
- “4х4х4х4 
-2а 77х7х7хТ 
44 
TM 
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— 
= с 


ь 
ox c о о m 


3l 

Now you try 

Example 29 
1 


i b 


Example 30 
a y? b 


Example 31 


y 
a -5 b 
x 


Exercise 3l 


| 


1a 


S. 


2a 
3a 


ро H| оо ы— оз 


“œ |i 


ы URS 


S3 
T 
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8 1.370 
1 1 
9a 1 b 125 с 36 d 40 
3 1 1 
e 1 f 36 g 64 h 2 
ша 3 ii 4 ш 4 iv? 
5 X а 
b It results in the reciprocal of the fraction. 
24 „ 25 " 181 
ci 9 Ї 9 iii 27 iv 16 
3J 
Now you try 
Example 32 
a 32700 b 0.0012 
Example 33 
a 3.2x 10° b 2x10^ 
Example 34 
a 5.37 x 107 b 3.63x 1074 
Exercise 3J 
12 Y b N c N d Y 
2 a Positive b Negative с Positive d Negative 
3 a 4.87 b 4.872 c 49 
4 a 3120 b 54293 c 710500 
d 8213000 e 59500 f 800200 
g 10120 h 9990000 i 210500000 
j 0.0045 k 0.0272 | 0.0003085 
m 0.007 83 n 0.000092 0 0.265 
p 0.0001002 q 0.000 006 235 r 0.98 
5 a 43x 104 b 7.12 x 105 € 9.012 x 10° 
d 1.001 x 10^ e 2.39 x 10^ f 7.03 x 108 
g 7.8 х 10-4 h 1.01 х 1073 i 3х 1079 
j 3.004 х 1072 к 1.12 х 107 | 1.92 х 1073 
6 a 6.24 х 103 р 5.73 х 105 с 3.02 х 10“ 
d 4.24 x 105 e 1.01 x 10^ f 3.50x 107 
g 7.25 х 104 h 3.56 х 105 i 1.10 х 108 
| 2.42 х 1073 к 1.88 х 1072 | 1.25 х 1075 
т 7.87 х 1073 n 7.08 x 1074 о 1.14 x 107! 
р 6.40 x 1079 q 7.89 х 1075 г 1.30 х 1074 
7 a 7.7 х 106 km? b 2.5x 108 с 7.4 x 10? km 
d 1x10 ?cm e 1.675 х 10727 kg # 9.5 х 1071309 
8 The numeral part has to be between 1 and 10, i.e. 3.8 х 108. 
9 a 2.85 x 10? b 1.55 x 1073 с 441 x 1078 
d 6.38 x 1079 e 8.00 x 107 f 3.63 x 108 
g 1.80x 1073 h 3.42 x 1079 
10 328 minutes 
tai 9x10'7J ii 2.34 x 10?! J 
iii 2.7 x 1075) iv 9 x 1077) 
b i 1.11 x 108 kg ii 4.22 x 10^! kg 


iii 9.69 x 10713 kg 
с 54 x 10*! J 


3K 
Now you try 


Example 35 
a P = 3000 (1.02) 


Example 36 

a V —20000 (1.04)" 
b i $20800 

с 5.7 years 


€ Greenwood et al. 2021 
Photocopying is restricted under law and this material must not be transferred to another party. 


iv 1.89 x 10—19 kg 


b V = 36000 (0.94)" 


ii $24 333.06 


Cambridge University Press 
Updated June 2023 


Exercise 3K 3 Conversion table between coulomb and 
5 electron charges 
1 a $1050 b ——1.05 е $1215.51 
5 100 5 Спагде Charge Charge Charge 
2 a 49kg b 2 .098 c 4.52 kg (coulombs,| (number of || (number of | (coulombs, 
100 С) electrons, е) ||electrons, е) С) 
3 : 2. : n c Decay d Decay 1 6.24150975E+18| [1 1.60217646Е-19 
0 у 2 
dix А =й сэх ИРИНЕ 10 6.24150975E+19||10 1.60217646E-18 
п = number of years of investment 100 6.24150975Е-20| [100 1.60217646E-17 
A = $200 000 x 1.17" 1000 6.24150975Е+21 | 11000 1.60217646Е-16 
b A = house value at any time, - | 10000 6.24150975E422| 10000 1.60217646E-15 
п = number of years since initial valuation 100000 6.24150975Е+23 | 100000 1.60217646E-14 
A = $530 000 x 0.95” 1000000 [6.24150975Е+24 | 1000000 1.60217646Е-13 
€ A = car value at any time, s : 
п = number of years since purchase і 6.24150975 х 1020 e ii 1.60217646 х 10713 С 
А = $14 200 х 0.97" iii 6.23526824 х 1024 e 


4 А = population at any time, 4 
n = number of years since initial census 
A = 172500 x 1.15” 

e A = litres in tank at any time, 


Conversion table between amperes, 
time and electrical charge measured 
in coulombs and numbers of electrons 


n = number of hours elapsed Charge 
A = 1200 x 0.9” Electrical| Time Q (in Charge Q 
f A = cell size at any time, current (in coulombs| number of 
n = number of minutes elapsed (in amps) | seconds) C) electrons, e) 
A=0.01 cm? x 2” 0.5 1 5.000E-01 |3.12075488E+18 
g A=size of oil spill at any time, 30 1.500E+01 | 9.36226463E+19 
7 = number of minutes elapsed 60 | 3.000E+01 [1.87245293Е+20 
A=2m? х 1.05" 


90 4.500Е+01 | 2.80867939E+20 


h A = mass of substance at any time, 
120 6.000E+01 | 3.74490585E+20 


n = number of hours elapsed 


A = 30 g х 0.92" 150 7.500E+01 |4.68113231Е-20 
5 а A= 500000 x 1.1" 180 9.000E+01 | 5.61735878E+20 
b i $665 500 ii $1296 871.23 iii $3 363 749.98 
c After 7.3 years a i 45x10'C ii 2.80867939 x 1020 е 
6 a A= 300000 x 0.85" b i 225x10?C ii 1.40433969 x 1027 e 
р i $216750 ii $96 173.13 iii $42 672.53 
€ 3.1 years 
1 a V=15000 x 0.94" Puzzles and games 
b i 124591 ii 97271 1 Magic square sum = 3x + 2y 
с 769.53L Ax 
d 55.0 hours x -у x+3y 
8 a 3000 
b i 3000 ii 20280 їйї 243220 4y шал 2x — 3y 
с 7 hours 46 minutes х= 2y 2х--2у 2y 
9 a D=10 x 0.875’, where т = number of 10 000 kms travelled 3n-3 
b Yes 2 3” 
с 90000 3 1c and then double each day 
10a T=90°C x 0.92" id 
bi 762°C й 79.4°C 32 
c 3 minutes 13 seconds 6 200 
fla i $1610.51 ії $2143.59 iii $4177.25 139-2 
b i $1645.31 ii $2218.18 iii $4453.92 30 
12a $2805.10 b $2835.25 с $2837.47 8 и2,225 
Short-answer questions 
Maths@Work: Electrical trades 1a4 b5 ci4 ü -3 
1 a i 10=6.24x 10% e ii 2 C= 1.25 x 109 e 2a у+3 b xy-5 ig 498 
iii 3C = 1.87 x 10/9 е iv 250 C = 1.56 x 10?! e 4 
v 2С = 3.12 х 10786 vi 12C = 7.49 x 10796 За 14 b -30 c 35 
b 1е=1.6 х 10-19 С 4 а 7x-5 b 13a-2b с xy-3xy? 
c i 1.24830195 х 1019 e/s й 6.24150975 х 1079 e/s d i2mn ejay 2 
iii 1.24830195 х 1020 e/s iv 3.12075488 x 101 e/s 3 
v 3.12075488 x 107? e/s 5 а 10х+20 b -6x+8y с 6х2-15ху 
2 а 1.32 х 107° b 3.168 х 10^ тт d 4а+15 e 5у+ 13 f 81+ 11 
с Any construction using steel needs to allow Тог the expansion of steel 6 a 8(2х—5) b 5xy(2x + Ty) 
with a temperature increase. For example, gaps need to be left in a с 2x(2x — 5) d —2x(y +9) 
bridge to allow for steel expansion and, hence stop, the road la 14x b 6 – 7a Ü 9x 4-8 
buckling. 15 14 20 
8 а a b 4x 63х-1 4 : 
113 
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9 a 12x b 8х^у8 си d - 
2 6 
8 6 х 64у 
10а л b 8m с 19 d ED 
fla 1 b 4 c 6 d 1 
4 A 
12а 4 b m с cdi d 4n? 
x3 82 3x3 
6 3,2 8 
13а 27 joe en d 
4 2 х3 23 
14a 4250 b 37000000 
с 0.021 d 0.0000725 
15a 1.24 x 105 b 3.95 x 107 
с 9.02 х 1076 d 4.60 х 10^ 
16a P=20(1.1)" b A = 100000 (0.85)" 
Multiple-choice questions 
1€ 2B 3€ 4D 5 B 
6 D 7€ 8D 9A 10 E 
fi C 12D 
Extended-response questions 
1 а 2(5х+1) т bh32m с (5x2 + Зх) m? 
4 $1080 
2 a А=2(1.09)' 
bi 2.3762 m? ii 3.0772 m? 
€ 37.4 weeks 
Chapter 4 
Warm-up quiz 
1а 11 
bd Т. ЕЭ iti + 
11 11 11 
iv = V = vi = 
11 11 11 
1 1 1 il 
2a 8 р 2 с 2 d 1 
5 7 1 
*g Fg 82 
3 0,1 in 5, 39% 04, 1 0.62,71%, 3,2,1 
pon te E MM 27: 
4ai 14 ii 25 iii 11 
, 18 zd s; 
bi 25 ii 25 ili 55 
7 9 
5 a 16 р 16 
6 a 16 
81 "ES E : 
bi — ii 16 iii 8 iv = 
V 18 vi 3 
16 16 
7a4 
Е al : 1 5 
bi ii iii 2 iv V 2 vi 1 
4A 
Now you try 
Example 1 
a 6 
bil it iii 2 ivi 
6 3 3 2 
Example 2 
a 34 
b 51 
с i 0.15 ii 0.09 iii 0.49 iv 0.85 
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d outcome 


ol rm 


| ю №! 


= 
<) 


Ехегсіѕе 4А 
1 а samplespace b 0,1 с likely 
2 C,A,B,D 
1 3 
3 a 1 b 8 c 0 
4а7 
"n: А r5 
bi 7 ii = ШЕ 
3 2 3 
а 10 һ 5 C Б 
6 а 43 
b 47 
с 1 0.09 ii 0.43 iii 0.47 
a 0.62 b 0.03 с 0.97 
1 1 1 
a 10 05 ES 
2 1 3 
К 2: 9 10 
1 3 49 
К 9 10 50 
6 1 21 
10а 25 50 25 
e 2 4 
25 25 
1 а 59 р 4, as 41 of 10 is closest to 4. 
100 
c 8 as Al of 20 is closest to 8 
"7100 1 
1 1 
12а 1 р 13 с 
2 4 
е 13 113 9 13 
4В 
Now you try 
Example 3 
a 
A B 
4 8 
6 10 
9 1 
bi {2} ii (2, 3, 4, 5, 6, 7, 8, 10} 
cil i l ii^ 
2 10 5 
d They are not mutually exclusive as there is a number in A с\ B. 
Example 4 
a 
G B 
5 
bi 5 ii 5 
ci 2 ii: iii L 
20 4 10 
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Exercise 4B 10a 
M Е 
тар b C c B dA 
2 a No b Yes c No ар v 
oa A В b A B m 
bil 2 iti 1 iv? vi 
3 3 6 3 
11 a L 
: A B ‹ А B 5 нэ Р 
(б) (б) 1 
b 1 
e =e 3 ii 1 ii 13 t 
A B 017 cig ii ШЕТ: MET. 
СЭ (0) 46 
4:4 Now you try 
А В Ехатр!е 5 
€ | 
bi Аг\В={2,5,8} b iv 4 
ii AU B= {1, 2,3, 4, 5,6, 7,8, 9, 10} 
7 i o " c 
c 10 ii 10 iii 1 
d No, there is at least one number in А A B. Exercise 4C 
5a 1aB bA c D d C 
A B 2ai4 ii 6 iii 3 iv 1 
v 10 vi 7 vii4 viii 7 
b 13 
3a А | А 
B 2 6 8 
B’ 5 3 8 
bi AA B={2, 13} 1 9 | 16 
ii AU B= (2, 3, 5, 7, 11, 13, 17, 19, 23, 29} bi 2 ii 6 iii 5 iv 3 
Ey i Z iii iv 1 i M E 
2 10 5 4 К m E ... 
8-1 8 ii 16 iii 16 
6 a "X 4 a 
С), 
рі 25 ii 5 b 
he ii | ii | 
5 5 5 6 
7a 4 
10 
ci 2 ii 5 iii 4 iv 7 
di? it 2 ülo w "mus 
5 5 10 5 10 
bi 25 ii 5 в за А АГ 
n ES m = ee b n = ы Н 4 3 7 
сі ii iii iv V 
"P 9 9 9 9 9 H 1 1 5 
9 5 8 4 12 
bi 3 ii 1 
ci Ш ii = 
12 
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А 
B 3 6 
B' 4 5 
7 11 
b A 
B 2 9 
B’ 2 3 
4 12 
1 5 
7a 8 р 24 
8а0 
b A 
B 0 6 
B' 10 12 
10 18 
3 5 
9a 8 р 32 
4 4 7 
10а 13 b 13 13 
fla 18 b 75 
40 
Now you try 
Example 6 
8 3 3 
а 13 b 15 27 
Example 7 
а А А' 
В 5 5 10 
B’ 7 3 10 
12 8 20 
1 5 1 
2 612 15 
Exercise 4D 
1 a РКАВ) b А/В, В 
1 1 
2а 2 b 3 
7. 7 
3a 10 b 12 
9 "E up 
4ai 13 ii 13 iii z 
BE. qx шщ" 
17 17 7 
cib i 2 iii 9 
4 8 7 
xcu БЖ sy ll 
d i 16 ii 8 йг 
5a 
1 3 9 
ue: 2: d 13 
2 E | sd 
6ai 18 ii 9 ШЕ 
‚4 -d zx 
bi 9 ii 8 ШЕ 
cre, aet ie 
17 17 10 
; o 2 à 2 
di 1 Ї 1 ШЕ 
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b 


8 a 


V P 
212) 

2 1 

4 сЕ ЦЭ 
L RS 
13 13 


A A’ 
с 6 9 15 
C’ 14 1 15 
20 10 30 
"ES "ei 
bi 10 ii 15 
2 3 
E d 10 
4E 
Now you try 
Example 8 
a Spin 2 
1 2 3 
1 (1,1) (1,2) (1,3) 
Spin 1 (2,1) (2,2) (2,3) 
3 (3,1) (3,2) (3,3) 
b 9 
1 
89 
cal - ‚8 
d і 3 ii — ШЕ 
Ехатр!е 9 
а 181 
Т R E E 
T Х (R,T) | (ET) | (ЕТ) 
ong P| OR) | X | Єв | ER) 
E | (LB | (RB Х (E, E) 
E | (LB | (RE | (EB X 
ze] за id 
bi 6 ii 6 lil 
Exercise 4E 
1 a without replacement b with replacement 
2ai Tst 
D 0 G 
D D, D) (0, D) (G, D) 
2nd 0 , 0) (0, 0) (G, 0) 
G D, б) (0, G) (б, б) 
ii 1st 
D 0 G 
D x (0,D) | (0,0) 
2nd | O | (D,0) x (G, 0) 
G | (D,G) | (0,6) x 
bi 9 ii 6 
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3а9 b 6 b 16 
4a @ d 1 ii 8 iii 8 
ши 1 = 4 к ug 
1 2 3 4 di 16 ii 8 iii n iv 16 
1 | 4.1) | (21) | (3,1) | (4,1) 7 
2 | 0,2) | (2,2) | (3,2) | 42) 8 22 
16 
200101 1-3-1053) | 0.3) | 6.3) | (43) 
4104) | 2,4) | (3.4) | 44 Progress quiz 
1 
b 16 с — 1 3 3 3 
Ё " 1a 1 b 8 с 1 d 8 
di — ii = iii = 2 a 33 
1 8 15 bi 21 jj 0^ i. 
5a 181 1088 100 100 100 
Н Т 3a 
H (Н, Н) (T, Н) 
2nd toss 
T (H, T) (Т, T) 
b 4 
m. 
| 1 n 8 
d i 2 ii = с iv = V 15 
e 250 
ба Tst 4a 
5 Е Т 5 
5 х (E, 5) (Т, 5) (5, 5) 
2nd E (S.B х (T, E) (5,8) 
Т (5,1) ЇЕ, 1) х (5, Т) 
5 (5, 5) (Е, 5) T5) х 
1 1 bi 1 ii à T 
bi - it = iii — iv - vi 4 a l ЕЗ "A5 
6 6 c i 5 ii 20 ШЕ: ШЕТ 
7a 1st 
L E V E L 5a 
L| x (Еу |(VU | (ED | (D 
EHLBT x HVE HEB EB Hid, н |. н | G. Ff) | 4 Н) | G. Н) 6, н) 
2nd V (LU EU | x LEV T GV та, т | 0, 1) 163, 1) | (4, 1) | (5, 1) | 66, Т) 
Е1(55 (58 | (VE (LE) 
L[GCD[ED[WD] D UE 
b 20 e 
i 8 ii 12 iii 12 2 1 5 
i : й : P ЦЭ, E 
1 
C5 6 a R R B G 
8 a Die 2 R х (R, R) | (B. А) | GR) 
Т1213141516 R | (R, R) x (B, R) | (G, R) 
1[2]3]4| 5| 6| 7 B | (8.8) | (R, В) х (б, В) 
аавв 6 | б) Т0 [8.0 | x 
Die 1 31415161 7 8 9 
41516171 8 9 | 10 12 outcomes 
51617181 9 |10 | 11 bi 1 i 1 ii 1 
6|7|8|9|10 |11 |12 6 6 3 
b 36 
i 2 ii 6 ii 15 4F 
ДЕ ДЕ iii zc MET, Now you try 
О : Example 10 
е 6 Min’s guess is wrong. 2 
а Nd 
1 1 1 1 5 
9 a 12 b 6 с 3 d 2 ' 1 
10 а Without b With c With d Without 5 
fla 1st 
2.5 5 10 20 
2.5 5 7.5 | 12.5 | 22.5 
5 7.5 10 15 25 
2nd —10—-125 115 | 20 | 30 
20 | 225 | 25 30 40 
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c Box 


Example 11 


a Selection 1 


RIDS 


Exercise 4Е 


1a8 


ci 


Alo 
A|— OP OAIN о 


ы 


NI= 


3 
2 


ale 


AIN 


Counter Outcome Probability 
2 
i red (А, red) 3 х i-i 
IN bue (AS) 253-0 
5 тей (В, red) Igl1.1 
< i 25710 
4 1.4 2 
Е blue (В, blue) 2*37$ 
Selection 2 Outcome Probability 
3.1 toia 
$73. T TO 59257 
3 1 4.1.2 
$73 M (T, M) 7х5=5 
4.2 3.2.3 
E T (M, T) 7х3=7 
3.1 1 
2 1 M (M, M) ТЗ 7 
6 3 
18 ш“ 
7 7 
TM ‚24 
И — н — 
49 49 
1 
b- 
8 
ii 4 
ЇЕ 
5 
ii 3 
5 
i 
4 
3 
р = 
4 
Counter Outcome Probability 
1 
4^ yellow (А, yellow) 5х i 7g 
A < 
3 orange (А, orange) 5 Х i = 
1 Il В, yell 3.3 
4 yellow (В, yellow) 27178 
B 
1 
т orange (В. orange) 5 х 1 =3 
ё 1 
2 
4 a Selection 1 Selection2 Outcome Probability 
3 43.2 
з RR 85375 
R 
4.2 4 
УМ RW 65378 
528 (УЮ 254-4 
3 : 6 5 713 
W. 
1 $ d. 
5 W (W,W) 3 78 
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. 4 3222 TE 
bi — ii = iii — 
15 5 15 
ci? is ш“ 
9 9 9 
5 a Selection 1 Selection 2 Outcome Probability 
i M 3.1.1 
3 ММ) 7%377 
3 M 
7 32.2 
i F (M, F) ;*$73 
1 
4 22M (EM  ixi-i 
7 Мк d 
1 4.1 2 
2 F (EF 5277 
(4 (2 iii 4 E 
7 7 7 7 
2.9 „ 16 “23 25 
bi — ii — iii — iv — 
49 49 49 49 
6 a Ist roll 2nd roll Outcome Probability 
1 
1 (1,1) тє 
1 
2 (1,2) Te 
1 
3 (1,3) 16 
1 
4 (1,4) 16 
0,1) n 
1 
2 (2,2) "6 
1 
3 (2, 3) 16 
4 24) Б 
1 (3, 1) 1 
6 
1 
2 (3,2) 16 
3 (3, 3) 2. 
6 
1 
4 (3,4) 16 
1 (4, 1) 2 
6 
1 
2 (4,2) 16 
3 (4, 3) cb, 
6 
1 
4 (4,4) "e 
b 16 
1 21 
C1 = П = 
16 4 
so] 51 i: 
di — ii — iii = 
16 4 8 
та 
Сағ Outcome Probability 
3 white (Falcon, white) 5х 1 =$ 
1 Falcon 
2 ver (Ес : 1-1 
i silver (Falcon, silver) 571 7$ 
2 : : 2.1 
1 3 white (Commodore, white) 5 х E =3 
2 Commodore < 
i red (Commodore, red) ;* 1 =} 
3 zo c EPA 
bi = ii = iii — iv — 
8 6 24 24 
V 2 vi : 
6 3 
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8 a Ошсоте Probability ci °З її independent 
1-8 (RR 15:13 
о ша di 2,0 ii. not independent 
1 R 7 
1 1_1 
те RW 27 тара) = 1, Pr(A|B) = _ independent 
1 
1 22R (WR) 2 х5 74 b Pr(A) = 2 Pr(A | B) = L not independent 
w < 10 4 
5 3 А 
IW ww ixi €. Pr(A) = 15, Pr(A | B) = у, not independent 
il it iii $ iv 3 d РА) = 1, Pr(A | B) = 1. independent 
E il 5 ШЕ w3 9 18)-0 
2 
b Outcome Probability 8 False. Pr(A | B) = 0, but Pr(A) = 9 
1 R (RR) 11 1 31 31 
3 2*37$ 9а — b — с > 
ie < 32 32 32 
2 2 1 
2 W RW) 3*$73 10 a T G quot 
2 ЭР а 8 2 110 
PW лол ЭРЭР eS ар EN | 0 | 7 
х 1-4 15 2 |17 
1--у wow) 251-1 
| a (22 i L ш“ 
і 1 ii 2 iii 5 iv 5 17 17 5 
6 3 6 6 b no 
9ai 0.17 ii 0.11 iii 0.83 
b i 0.1445 ii 0.0965 iii 0.8555 Maths@Work: Business analyst 
48 ------------------ Та Other |No other| Total 
Now you try services | services | orders 
Example 12 Photos ordered! 28.05% | 58.95% | 87% 
: р No photos | 139 : 13% 
А B Total 41.05% | 58.95% | 100% 
b 
5 Photos ordered Other services 
ES sd 
bi 8 ii 2 5 
c The events A and B are not independent. 58.95% | = 
N 
Exercise 4G 
1 a no р yes 
2 "E "TN | 
a l 50 "3 c $6264 
b no d Advertising should focus on photo print services as 87% of the 
с no weekly orders are for photo prints. 
3 a with b without 2а1 820 ii 160 iii 180 iv 20 
14 b Business cards are ordered by 57% of customers with 42% 
A B ordering only business cards. This is greater than either newsletter 
printing (38%, 25% only newsletters) and promotional material 
(25%, 15% only promotional material). There is a strong market 
3 for business cards so the company must focus on offering a quality 
product with a competitive price. 
bi i 1 c Greater percentages in newsletters and promotional material to 
8 increase the company’s business over these product lines. 
с not independent 3 a See table at top of next page. 
5 b i Running ii Yoga 
a : 
A В c See figure on next page. 
d Gym wear increased by 89 sales from Q3 to Q4. The advertising 
was successful as this is a much larger increase than the other 
1 increases of: Q1 to Q2, 7 sales; Q2 to Q3, 19 sales. 
e See figure on next page. 
‚ 2 „2 ; f A3.4% increase. The graph іп part e shows the Quarter 4 column 
Dil 3 ^ 3 © Independent is twice as high as the Quarter 1 column. The reason why this is 
. 31 Е , misleading is because the percentage scale does not start at 0. 
баі 22 ії not independent With the percentage scale starting at zero, comparisons are 
211 2 more realistic. 
bi 21 ії independent See figure on next page. 
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За 


Sportswear sales from Get Set online business 


QUARTER | QUARTER | QUARTER | QUARTER 
Sport 1 2 3 4 Totals | Percentages 
Golf 159 98 104 137 498 12.5% 
Running 278 312 320 287 1197 29.9% 
Cycling 209 276 248 268 1001 25.0% 
Dance 94 77 107 68 346 8.7% 
бут 169 176 195 284 824 20.6% 
Үода 29 47 26 32 134 3.4% 
Totals 938 986 1000 1076 4000 100.0% 
Percentages} 23.5% 24.7% 25.0% 26.9% 100.0% 
Sportswear sales from Get Set online business 
350 + 
300 4 
a 2907 Ш Quarter 1 
© 
T 
= 200 4 Quarter 2 
ы 
2 150 4 E Quarter 3 
2 
100 TE- Ш Quarter 4 
507 
Golf Running Cycling Dance Gym Yoga 
Sport 
Sportswear sales from Get Set online business 
28.096 4 
27.096 - 
4, 26.0% У 
E 
@ 
o 25.0% 4 
3 
5 240% 4- m 
5 
^ 23.066 4 
22.0% У 
21.0% 
Quarter | Quarter 2 Quarter 3 Quarter 4 
Quarter 
Sportswear percentage sales from Get Set online business 
30.0% ч 
25.0% 7 
© 
в 200%- 
% 
5 15.0% 4 
b 
8 10.0% 4 
a 
5.0% - 
0.0% 
Quarter Quarter 2 Quarter 3 Quarter 4 
Quarter 
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Puzzles and games 
1 MUTUALLY EXCLUSIVE 
1 


2 6 
3 Results may vary. 
ja EP NEM 2 
12 2 4 3 - 
5 15 ” 
16 
6 3 = 
5 i4") 
71 eA 
12 9 
Short-answer questions 
1 1 2 
1a 6 b 2 б 3 
1 1 3 
2а 8 һ 1 с 8 
5 1 
Vs 65 
72 a | ad 
3ai 5 ii 1 ШЕ - 
iv 1 V 1 
10 20 
‚3 „17 
bi 5 ii 20 
4a 
H CH4 
ар 13 
b 7 
с Cc’ 2 
8 10 
H 6 5 11 
H’ 12 13 25 
13 18 n 38 Multiple-choice questions 
mi i > üil 16 2 3A 4D 5€ 
6 36 2 6 B ТВ 8Е 9 B 10 E 
6 
5a8 b — : 
13 Extended-response questions 
6a? bl тав 
5 5 Био 21 
| = П = 
7a m 15 15 
H A P P Y ү R H 
S 3 1 4 
Н, Н) | (A, H) | (PH) | (PH) | (Y, H) 5” 3 8 11 
ond Е) | A5 (Е) | (РЕ | (ХЕ) 5 S Jd» 
21 m 
(Н, Ү) | (&Y) | (РҮ) | (BY) | WY) di 2 um 
b 15 
81-45 t= iii 18 n = 
15 15 15 R 5 Л 
В (В, В) (5, В) (W, В) 
2nd 5 (В, 5) (5, 5) (W, S) 
W (В, W) (5, W) (W, W) 
1 X „5 4 
bi 8 ii 3 ШЕ м 5 
с 4 
5 
2: 
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Chapter 5 
Warm-up quiz 
1а8 b 40 
2a6 
b i 19 ii 23 
c 30 
d 10% 
3а8 b 8.5 
4 a i Mean=45 
iii Median = 41 
b i Mean=6 
iii Median = 6 
5 a 15 


c 82 


с 5 
ii Mode = 41 
iv Range = 20 
ii Mode = 2 
iv Range = 10 
b 111, 139 are most frequent. 


с Min = 98 g, Max = 145g 


5A 
Now you try 


Example 1 
a Categorical and ordinal 
b Numerical and discrete 


Exercise 5A 


1 Selection of people, structure of questions, unbiased, clear 


2ac 


B 
3 B 
D 
4 
5 


6 Numerical and discrete 


b D 


eF 
b E 
e F 


d 8 


d 47 


cA 


f E 
c С 
f A 


7 
8 
9 


10 


Categorical and nominal 
Numerical and continuous 
Categorical and ordinal 


a 

d 

a 

d 

С 

р 

а 

b Numerical and discrete 
c 

d 

e 

D 

Answers will vary. 
D 

a 


Carrying out survey at a train station will create a very high 


proportion of train users in survey’s results. 
b Survey will reach only those people who use computers. 
€ Survey will access only people over 18 years of age. 
11 Check with your teacher. 
12 Check with your teacher. 


5B 
Now you try 
Example 2 
a Movie Category Tally Frequency 
Action + || 8 
Сотеду ЖІ 7 
Вотапсе | 4 
Sci-Fi | 2 
Horror | 3 
Total 24 24 
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Favourite movie genre 


A 
8 m 
7 4 
a 64 
он 
2 pe 
1 E 
0 - " > - п > 
5, ^ 
S "i РА + s 
Movie genre 
Example 3 
a | Class Percentage 
interval | Tally | Frequency | frequency 
60- | 1 4% 
70— Н III 8 32% 
80- 4 4ЇЁ 10 4096 
90- | 4 1696 
100-109 | 2 8% 
Total 25 25 100% 
b Number of points in a game 
10 40 
_ 8 32 & 
© 8 
$ 6 24 3 
84 16 È 
3 ё 
2 8 
0 
60 70 80 90 100 110 
$соге 
с The 80 — interval 
d 64% 
Exercise 5B 
1 a Histogram b Column graph 
€ Column graph 4 Histogram 
2a Car colour Tally Frequency 
Red | 3 
White 4+ 5 
Green | 2 
Silver | 2 
Total | 12 12 
b Class Percentage 
interval Frequency frequency 
80- 8 1696 
85- 23 46% 
90- 13 2696 
95-100 6 12% 
Total 50 100% 
Зав 
р 25 
ci 8 ii 32% 
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4 аі | Application Tally Frequency 
Very low | 1 
Low | 3 
Good ЖЖ 5 
Excellent | 1 
Total 10 10 
ii Student level of application 
5 
54 
E 
53 
S 
È 2 
1 
0 
Є SS e "s 
A e 
AT “ye 
Level 
b i Favourite sport | Tally | Frequency 
Football Ж |! 8 
Tennis 4 5 
Basketball || 4 
Netball | 3 
Тота! 20 20 
ii Class favourite sports 
A 
8 4 
7 E 
gé] 
5 54 
84 
5044 
х 
x3] 
2 E 
1 - 
0 m 
У > Ss > 
таа SS 
D 
Sport 
5 a | Class Percentage 
interval | Tally | Frequency | frequency 
50- | 3 1296 
60- 4 5 2096 
ЕЯ 9 36% 
80- 4 5 2096 
90-100 | 3 1296 
Total 25 25 100% 
b Class test results 
10 40 .. 
E 
Ч 8 32 3 
5 6 24 & 
S К 
8 4 16 $ 
Б 5 
2 8 £g 
" Ew 
50 60 70 80 90 100 
Test mark 


c The 70— interval 
d 32% 
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Class Percentage 
interval | Tally | Frequency | frequency 
0- 4 р 5 2596 
5= | Ill 9 45% 
10- | 4Е 5 25% D 
15-19 | 1 5% - 
Total 20 100% o 
b Histogram of wins s 
10 50 2 с 
[=] 
8 40 $ = 
© 3 o 
5 6 30 & 
5 % 
5-4 20 5 
5 S 
2 10 È 
v 
Q 
0 5 10 15 20 
Wins 
с The 5- interval d 7596 
Ta Type of Percentage 
transport Frequency frequency 
Car 16 4096 
Train 6 15% 
Tram 8 20% 
Walking 5 12.5% 
Bicycle 2 5% 
Bus 3 7.5% 
Total 40 100% 
bi 6 ii Car iii 40% iv 17.596 
v 42.5% 
8 a Skewed b Symmetrical 
T Percentage 
Mass Frequency frequency 
10- 3 6% 
15— 6 12% 
20— 16 32% 
25- 21 42% 
30—34 4 8% 
Тота! 50 100% 
b 50 с 32% d Atleast 25 g but less than 300. 
е 42% f 94% 
ma Percentage 
Section Frequency frequency 
String 21 52.5% 
Woodwind 8 20% 
Brass 7 17.5% 
Percussion 4 10% 
Total 40 100% 
b 40 б 52.5% d 47.5% е 9.3% 


11 Frequencies of individual scores are lost if the histogram displays only 


categories of scores. 
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12 a Russia, ~ 14 years 
b Pakistan 
c In nearly all countries, the female life expectancy is more than that 
for males. 
d Extreme poverty, lack of resources and prevalance of disease. 
13 a Saturday and Sunday; vendor would expect greater sales at 
the weekend. 
b May have been a particularly warm day or a public holiday. 
с i Wednesday; $250 ii Thursday 
d The graph does not help us to visualise the profit and loss. 


5C 
Now you try 


Example 4 

a 16 

b 1 

c 23 

d One household had 5 pets but the data were generally skewed towards 
a lower number of pets. 


Example 5 
а Stem 


сл > бо го — 
> го > ~ 


6|3 
3 | 1 means 31 


b The distribution of the data is skewed. 


Example 6 
а Friend 1 Friend 2 
Leaf | Stem | Leaf 
1 6 8 9 
21 2 12489 
620| 3 102 
8641 4 |14 
7 4| 5 12 
6 2| 6 
5 | 4 means 54 


b Friend 15 spending is symmetrical whereas friend 25 spending 
is skewed. 


Exercise 5C 
1 a Histogram b Dot plot с Column graph 
d Stem-and-leaf 
2 e. 
e е ° 
° e. е 
е е е е e е 
e е е е e e е 
m T T T T T T T > 
2 3 4 5 6 7 8 
Wait time (min) 
3 а 32,35, 41, 43, 47, 54, 54, 56, 60, 62, 71, 71 
р 0.2, 0.3, 0.7, 1.4, 1.4, 1.8, 1.9, 2.3, 2.6, 2.6, 3.0, 3.5 
4 a 11 b 1 с 16 
d One family had 3 children but the data were generally symmetrical. 
5a9 
b 39 
с He had one bad hole with 7 strokes, but generally the data were 


consistent, between 3 and 5 strokes. 
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512 
1| 5 means 15 


Skewed 


Stem | Leaf 


> оо го ~ 
оо © го бо о 
сл го сл сл 
AN 
о 
о 
со 


511 
3 | 2 means 32 


Symmetrical 


Stem | Leaf 
1116 7 
12 
13 
14 
15 
16/0 2 

13 | 5 means 135 


о ло — 
со ч сл A 
on сл со 


Skewed 


Stem 


о ль бо го 

- NUUO 

оо > > ы 

ooo со 
со 


710 
3 | 7 means 3.7 


Symmetrical 


Set 1 Set 2 
Leaf | Stem | Leaf 


5 | 2 means 52 


Set 1 is symmetrical and set 2 is skewed with more data at the 
higher end. 


Set 1 Set 2 
Leaf | Stem | Leaf 
8 6 4 16 0 3 3 5 7 
6 5. 2 1 17 01 1 4 8 
9 T T5 1 0 18 2267 
9 5 2 19 0 4 
8 1 20 


19 | 5 means 195 


Set 1 is symmetrical and set 2 is skewed with most of the data 
at the lower numbers. 


2-ө.өө 
~ еее 
ы-оөөөө 
dee 


Logan's goal scoring 
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р e. 
e 
е 
e 
e e е 
e. e. e , , 
SSO 
0 1 2 3 4 5 
Max’s goal scoring 
€ Well spread performance 
d Irregular performance, skewed 
9 a 4.1 minutes р ~ 22.5 minutes 
с This would increase the average time. 
10a Inner city Outer suburb 
Leaf | Stem | Leaf 
9643 11 0 3 4 9 
9420 1 2889 
4 1 2 134 
3 4 
4 1 
2 | 1 means 21 km 

b For the inner city, the data values are closer together and bunched 
around the lower distances. The outer suburb data values are more 
spread out. 

с In the outer suburbs, students will be travelling farther distances to 
their school, whereas at inner city schools they are more likely to live 
close to the school. 

Na a=3,b=9,c=70r8 
р a=0or1,5=0,1,2,3,40r5 
12 а The stem 1 is allocated the leaves 0-4 (included) and 17 is allocated 
5-9 (included). 

bi 1 ii 0 

€ For city B, for example, most temperatures are in the 20s; splitting 
into 20—24 and 25-29 allows better analysis of the data and still 
means that a stem-and-leaf is an appropriate choice of graph. 

d City A experienced cooler weather, with temperatures between 8°C 
and 18°C. City B had warmer weather and a wider range of 
temperatures, between 17°C and 31°C. 

e The cities may have been experiencing different seasons; maybe 
winter and summer. 

5D 

Now you try 

Example 7 

a i 6.5 ii 10 iii 11 

b i 18 ii 22 iii 22 

Example 8 

a 10 

b 21 

Example 9 

a 27 b 39 с 35.7 4 38.5 

Exercise 5D 

1 a mode b mean c median 
d bimodal e range 

2a7 b 10and 14 

3 a 28 b 7 с 4 

4ai 54 ii 8 iii 6 

bi 16.25 ii 10 iii 45 

c i 70 ii 50, 90 iii 35 

d i 25 ii no mode iii 18 

e i 2.325 ii 1.9 iii 1 

fi 1.6 ii no mode iii 1.2 

5а7 b 4 c 11 d 75 

e 7 f 5 33.5 h 3.15 

бат b 6 c 7 d 6 
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7 a $42 b $17.50 c $20.75 
d Due to the $50 value, which is much larger than the other amounts. 
8 ai 28 ii 4 iii 17.2 iv 17 
b i 24 ii nomode iii 110 iv 108 
сі 3.2 ii 3.0, 5.3 iii 4.6 iv 4.9 
9 a Mark: 
i 83.6 ii 85 iii 31 
Hugh: 
i 76.4 ii 79 iii 20 


b Mark’s scores varied more greatly, with a higher range, whereas 
Hugh's results were more consistent. Mark had the higher mean 
and median though, as he had several high scores. 

10 The median, since the mean is affected by the one large value 

($1 700 000). 

Пад 
b 3.7 
c i The median is unchanged in this case. 
ii The mean is decreased. 


12a 


Innings 1 2 3 4 5 
Score 26 | 38 5 110 | 52 
Moving average | 26 | 32 | 23 | 20 | 26 
Innings 6 7 8 9 | 10 
Score 103 | 75 | 21 | 33 0 


Moving average | 39 | 44 | 41 | 40 | 36 


-Ф- Score 


=- Moving 
average 


Number of runs 


0 2 4 6 8 10 12 
Innings number 


c i The score fluctuates wildly. 
ii The graph is fairly constant with small increases and 
decreases. 
d The moving average graph follows the trend of the score graph but 
the fluctuations are much less significant. 


5E 
Now you try 


Example 10 

а Q; = 10, 03 = 28 
Example 11 

а Qı = 14.4, 03 = 20.6 


Example 12 

a i Min- 2, тах = 14 
iii Q4 =4 05-7 

b 14is an outlier. 

c Matches went late on a particular day. 

d Range-7 
IQR = 3 
Outlier affects the range significantly but does not overly affect 
the IQR. 


b 18 
b 6.2 


ii 5.5 
iv 3 


Exercise 5E 


1 a Min, lower quartile (Q4), median (Q2), upper quartile (Q3), max 
b Range is max — тіп; IQR is Q3 — Q4. Range is the spread of all the 
data, IQR is the spread of the middle 50% of data. 
c An outlier is a data point (element) outside the vicinity of the rest of 
the data. 
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2а15 b x [ T] 
bi 1 ii 2 = 2 
: a 5 я joo T c An outlier 5 6 7 8 9 10 11 12 13 14 I5 16 17 
ат = 4, 03 = Ш ave 
b i ù =11,0;=18 1 7 а 03 | b Q4, 05 c minimum, Q4 
c i Q = 51, 03 = 62 ii 11 d Q3, maximum 
d i Qi =1.8 03 = 2.7 ii 0.9 al Min 1, Q, 8, 17 13.5, Q3 17, тах 19 
5ai 0:-2,0:-11 й 9 ii — qe 
b i Q1 72,05 = 10 ii 8 <1 1 1 1 1 ра > 
: i эв гэснийг ii 0.6 0 2 4 6 8 10 12 14 16 18 20 
i Qi = 10.5, Q; = 22.5 ii 12 ean 
6 a i Min=0, max- 17 ii Median — 13 b i Мп= 0,01 = 1.5, Q = 3,05 = 4, max = 5 
iii Q4 = 10, 03 = 15 iv IQR = 5 ii —[ T + 
b 0 is an outlier. же a з= = от => 
€ Road may have been closed that day. 0 1 2 3 4 5 
d ut c i Міп= 117, Q = 118, 0 = 120, 0з = 121.5, max = 124 
Range is reduced but IQR is unaffected. ii -422101ы.“““-“-- 
таі Min=4, max=14 ii 7.5 wae | | -— 
iii Q4 = 5,03 =9 iv IQR = 4 117 118 119 120 121 122 123 124 
Л, ae e ” эн" d i Min = 20,0; = 28, Q = 40,03 = 62, тах = 85 
iii Q4 = 21, Q3 = 27 iv IQR = 6 ii -4-1--1-6-- 
M No outliers «X T T T T T T T T T T T T T T T > 
с i Min = 2, max = 24 i 12 20 30 40 50 60 70 80 9% 
i ы ша ai 0):-4,02-5,0)-7 й Outlier is 13. 
d i Міп= 1, max = 17 ii 7 iii -41-01 х 
iii Q4 = 4, Q3 = 10 iv IQR = 6 "Mi 131052 
у No outliers 2 4 6 8 10 12 14 
ae у 2. E : MR ee b i Q = 1,6,0 = 1.8, 03 — 1.9 ii Outlier is 1.1. 
1 = 38, 03 = 52. = 14. 
v Yes, 128 vi 51.25 iii х —1 T |Á 
b A more advanced calculator was used. la ee 
с Median, as it is not affected dramatically by the outlier. 10 12 14 16 18 20 22 
d The IQR, as it is not affected dramatically by the outlier. : _ _ = 
9 2 bags; 30 and 31 will be checked А ч imde om "со 
10 2 fridges; 350 and 1700 are outliers M : 
ila IQR- 10 — b Yes, 1 is an outlier. с No Ш х -411ЇНн- х 
12 а 35 ог тоге b 35-49 inclusive s 
13 Check with your teacher 10 12 14 16 18 20 22 24 26 28 30 32 
d i Q, = 41, 0 = 48, 03 = 51 ii No outliers 
5F iii Г [Т] 
Now you try ЕЕЕ > 
Example 13 36 40 44 48 52 60 64 
4 _ ai 16 й 2.0 iii 2.2 
к Min = 32, Q4 = 42, Q2 = 48.5, 03 = 54.5, max = 60 iv 26 v 39 vi 06 
---42101Т- b 3.8 and 3.9 are outliers. 
cx T T T T T T T T T T T T T T T T > C 
30 40 50 60 --41Т F xx 
рь Т Т Т Т Т Т Т Т Т Т > 
Sede — 16 18 20 22 24 26 28 30 32 34 36 38 
a 28.5, = 10, e : m ш : 
БО сайын ai 8 й 15 iii 16 iv 19 
; V 24 vi 4 
с 
IL F x b Yes, 8 
—< T T T T T T T T > 
8 10 12 14 16 18 20 22 Цэн JI 1— 
Exercise 5F 8 10 12 14 16 18 20 22 24 
1 a Minimum b Qi с Qo(median) à p minimum:ót t. 
d Es e Maximum f Whisker ors ii 10 
2 : 15 b5 с 25 d Data points for В are more evenly spread than those for A. 
d 20 e 10 f 20 
g 10 
odd it 
cx T T T T T T T T > 
123 4567 8 
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= ST s 


<< шин шинж шинж шинж шинж шинж шин шинж шингэн 
0 2 4 6 8 10121416 
Spelling errors 
b Yes, examiner 2 found more errors. 
Progress quiz 
1 a Categorical and nominal 
b Numerical and discrete 
2 a Г Class Регсепїаде 
Interval | Tally Frequency | frequency 
0- | 1 4% 
3- ||| 4 16% 
6- 4HHE 12 48% 
9-11 А II 8 32% 
Total 25 25 100% 
b Number of hours of sleep 
125 A 
J Б 
ER 32 & 
& 4j 16 È 
: Б 


0 3 6 9 12 
Hours 


с 20% of those surveyed had fewer than 6 hours of sleep. 
d The 6- interval is the most frequent. 
3 a 20 р 5days c 4.5days d 4.15days e 7 
4 a Stem | Leaf 
4[2 means 42 
b Data is skewed. 
c i 30 ii 30 
5 a 19.375 b 17 c 39 
6 a Qı = 10.5, 03 = 19 b 8.5 
7 a Q = 49, Q? = 82 and Q; = 102 
b There аге no outliers. 
с 49 82 102 
0 10 20 30 40 50 60 70 80 90 100110 
56 
Now you try 
Example 15 
a Population of town 
1000 4 | | | 
900 4 
8 8004 
* 7004 
= 6004 | | | ү ү! | | 
500 4— —-w- р 1-4 р 1—— 
FO и п р к Е 


Т Т Т Т Т Т т 
2005 2007 2009 2011 2013 2015 2017 
Тіте (уеаг) 


b Generally linear in a positive direction. 
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Exercise 5G 


1a 
2a 
b 
с 
d 


3 a 


Price ($) 


ол 
ooo о о 


Linear b No trend c Non-linear 4 Linear 
i 20°C ii 30°C 

36°C 

i Noon to 1 p.m. ii 3to4p.m. 

Temperature is increasing from 8 a.m. to 3 p.m. in a generally 


linear way. At 3 p.m. the temperature starts to drop. 
Share price over the year 


1.45 


= quac E 
шош tA A 


1:25 


= 
о to 


JFMAMJJASOND 
Month 

The share price generally increased until it peaked in June and 

then continually decreased to a yearly low in November before 

trending upwards again in the final month. 

$0.21 


Exam pass rate 


- 
oo o © 
oo oc 


Pass rate (96) 


Ll 
о 


oe 

2006 2008 2010 2012 2014 
Year 

The pass rate for the examination has increased marginally over 
the 10 years, with a peak in 2012. 
2012 
11% 
Linear 
i $650000 


© 


ii $750 000 


Strawberry sales 


Sales (970008) 


— — b bh wv 
A осо мю оо © Ro 
L | L L Ll L0] L 


© 


JFMAMJJASOND 

Month 
The sales start high and decrease during the middle of the year, 
before increasing again towards the end of the year. 


Strawberries are in season in the warmer months but not in the 
cooler winter months. 
i $6000 ii $4000 
1 
20 4— B 
184— Southbank | 
16 4— 
S 14 4— 
5 12 4— 
2104-12-24 
3 gi City Central 
6 — 
44 
24 — LLL - - 
—— = 
0 Jul Aug Sept Oct Nov Dec 
Month 
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d i The sales trend for City Central for the 6 months 
is fairly constant. 
ii Sales for Southbank peaked in August before 
taking a downturn. 
e About $5000 
8ai 58km ii 1.7 km 
b i Blue Crest slowly gets closer to the machine. 
ii Green Tail starts near the machine and gets farther from it. 
€ 8:30 p.m. 
9 a Increases continually, rising more rapidly as the years progress. 
b Compound interest — exponential growth 
10 a Graphs may vary but it should decrease from room temperature to 
the temperature of the fridge. 
b No. Drink cannot cool to a temperature /ower than that of the 
internal environment of the fridge. 
с Check with your teacher 


5H 
Now you try 
Example 16 
a 7 
124 х 


Ч х 
104 


b Positive correlation 
Strong correlation 
d Outlier is (8, 3) 


о 


Ехегсіѕе 5Н 


1 


2 


а 
d 
a 
a 
a 


Likely 
Unlikely 
increases 


Weak negative 


b Likely 
е Likely 
b decreases 


b Strong positive 


с Unlikely 


с Strong negative 


b 
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Лут Т 
6 


8 10 12 14 16 
d (14,4) 


0 


Negative с Strong 
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ба 


о c о c 


Negative 


УА 
24 + 
22 + 
20 + 
184 
164 
144 
124 
104 

84 


2 


хх 


> 


0 T T T T T T T T T T 
LO 11 12 13 L4 15 L6 L7 LS 19 


Positive 


T 
0 16 20 24 28 32 36 


oo 
л 
1 


Ех 


© 
П 


х С 


м о 
їл 
1 


xB 


xA 


е om 
л © 
1 


Average diameter (cm) 


xD 


е 
о 
1 


Т Т Т T r> 
0 20 25 30 35 40 


Fertiliser (grams per week) 


D с Yes, although small sample size does lead to doubt. 
Yes 
Decrease 


i Yes ii CarH 
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9a A 


0 200 400 600 800 1000 1200 1400 1600 
d (metres) 


b Negative 
с As d increases, V decreases. 

10 Each axis needs a better scale. All data are between 6 and 8 hours 
Sleep and shows only a minimum change in exam marks. Also, there 
are only 4 observations presented on the plot, which is not enough to 
form strong conclusions. 

11 a i Weak negative correlation 


УА 
264 х 


25- х 

244 x 

234 x 
224 x 

214 
204 x 


ii No correlation 
À 
26 4 х 
254 х 
244 х 
23-4 x 
224 х 
21- 
204 x 
19 4 x 


Crime 


Police 


b Survey 1, as this shows an increase in the number of police has seen 
a decrease in the incidence of crime. 


5l 
Now you try 
Example 17 
a&c Un 
10 4 
8 E 
x 
6-4 х 
х 
44 
24 
Т Т Т Т Т Т > 
0 1 2 3 4 5 6 * 
b Negative correlation 
di у=48 ii y=11.5 
iii x ~ 2.8 iv х= 7.5 
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Exercise 5! 


1a 


b 


=> oft ft о о с 


When the data appear to fit on or near a straight line, it shows a 
definite linear trend. 

Balance points evenly either side of the line; ignore outliers when 
taking distance from the line into account. 


bA 


Ps 
A d 4 
x ххх 
Xx x Ye 
х Ху x x 
— > 
== 
interpolation b extrapolation 
vA 
64 
5 E 
4 4 
3 4 
2 m 
1 m 
T T T T T T TO 
O т з 4 $ 4 3^ 
Positive correlation 
As above 
All answers are approximate. 
i 32 ii 0.9 iii 1.8 iv 7.4 
y 
20 
16 x 
12 
8 SS 
0 T T T T T T T X 
2 4 6 8 10 12 
Negative 
As above 
i 13.5 ii 23 iii 9 iv 7 
= 4.5 = 6 = 0.5 = 50 
Іпсгеаѕеѕ 
y 
À 
œ 1004 Е 
х 4 
8 754 х 
* ^ 
5 504 
Е - х 
E: 25- 
0 Т Т Т Т TO» X 
5 10 15 20 25 
Max. temperature (°С) 
i 65 ii 15°С 
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8 a,b у Experiment 2 
А А 
6004 220 4 
ЭЭ = 
& = 1804 
= 3004 Е 
x 5 160 4 
200 5 x FM 
1004 3 
120 4 
0 тет т т т шини X 
3 6 9 12 15 18 100 4 
No. of customers + л, Е 
Т Т Т Т Т Т Т Т > 
с $600 d 2 0 20 зо 40 50 60 70 80 90 
9 a,b А Age 2 
bi «140 ii = 125 
301 х сі = 25 ii = 22 
80 + d Experiment 2 
4704 e Check with your teacher 
5 60 4 И 
= 504 ХХ Maths@Work: Project manager оп a building site 
2 40 4 
ыг 1а84 b 8 с 7,8,8,9, 10 
х x% 2а 75 b 7.5 с 5,7, 7.5,8,9 
20:7] 3 See figure at bottom of page. 
< 4 a 84,75,53 b 8,7.5,5.5 
gem т т т т »- с 7,5,0 4 10,9,8.5 
400 500 600 700 800 е 1,1,125 f 3,4,8.5 
Rainfall (mm) 5 a Note that a Class Pad Il is used for the CAS screenshots below. 
c i =25cm ii = 85 cm Listing the data: 
d i «520mm ii = 720 mm | © File Edit Graph Cale \ 
10ab y DHT DIE SEO 
1 B { 
1 8 9 
2 9 7 
120 3 8 7 
4 8 7 
»i a 
1 5 Т 
g 1 = 
M 10 7.5 7 
Š 90 П 7 8 
E ыо; o? 
= 80 14 8 9 
15 1.5 8 
70 —_— e 
18 
07 T T T T T T T r >x 19 
1965 1970 1975 1980 1985 1990 1995 2000 „Аж 
Үеаг B @ 
c i 130m ii 170m Drawing the parallel box plots: 
d No, records are not likely to continue to increase at this rate. © fie E3 = 
fl a Experiment 1 FT ПЁ 
А ^ в & 
200 4 3 8-1 
х 3 8 7 
180 4 2 й----: 
m 6 7.5 7 
Pe] EE 
Ps x 
$ 1404 5267 
" x 
х 1204 
100 - 
27 
0 Лл Т Т Т Т Т r> i I i 
10 20 30 40 50 60 70 Ho 
6 8 
Аде 1 5 a 
Trainee C X x zz х 
Trainee В х +] 
Trainee A 
1 1 1 1 1 i 1 1 1 
5 Т 5 Т 2 Т E Т T Т Т Б Т 1 Т T Т 
0 1 2 3 4 5 6 7 8 9 10 
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b Trainee В: 5, 7, 7.5, 8,9 
Trainee D: 5, 6, 7, 8, 9 iv х 
с Trainee B IQR = 1; trainee D IQR = 2 


Trainee B has more consistent results as his/her IQR shows that the 05 10 15 20 25 30 
middle 5096 of scores only vary by 1 unit but trainee D's middle 5096 8 a False b True с True d True 
of scores vary by 2 units. 9 а Linear b 10ат—11ат. > 
10 a Negative b None с Positive =) 
Puzzles and games fla y o 
А 
1 66kg = 
2 88% 25 4 
3 8 x с 
4 a Larger by 3 b Larger by 3 20 4 x = 
c Nochange 2 с 
5 1.1 154 х х 
6 3, 3, 9, 11 х 
7 19 104 
8 a Mean Т by 10; median T by 10; mode Т by 10 : 
b Mean is x by 10; median is х by 10; mode is x by 10 51 © 
9 404тт 
0 Т Т Т Т Т » X 
] 1 2 3 4 5 
Short-answer questions b Negative с Strong d (3, 5) 
Та г Class Percentage 12а y 
interval | Tally | Frequency | frequency A 
0- | 2 12.5% m 
5- J n 7 43.75% 2 
о 
10- 4 р 5 31.2596 5 
15- | 1 6.25% = 
20-24 | 1 6.25% & 
Тота! 16 100% 
һ 8 50 
> 
= ° S Length (x metres) 
84 25 ў b 1.8m 
x EM 
& 2 е 
Multiple-choice questions 
ie ec 1D 2-6 3B 4A 5 0 6А 
Number of hours of TV 7E 8 С 9D 10 B 
с Skewed 
2а Stem | Leaf | 
115 9 Extended-response questions 
210489 
3/2 47 8 8B ва 
412 9 р No outliers 
ЭХ, ° == l ee 
3 | 2 means 32 
b The data set is symmetrical about scores in the 30s. i T T T T T T T ir 
3415 ii 6 iii 5 10 20 30 40 50 60 70 80 9% 
b i 305 ii 57 iii 20 Number oI О fear 
сі 1.6 ii 1.2 iii 1.5 2a 
4 a 43.2 years 7 
b 38 years 250 
с The mean is affected by the high ages 76 and 87. 22200 хх 
5 a Qi = 8, 05 = 11, 03 = 15 S geh 
b 0; 28,02 = 13, 03 = 15.5 i 100 
6 a Range = 19, IQR = 5.5 ea © 
b Outlier = 21 50 
c Range = 8, IQR = 6 Q I DOTT OTT I x 
Range is significantly reduced, the affect on the IQR is smaller. 5 Es а og ae 
Tai 0:-25,0:-55 ii 3 iii 12 цалин 
iv b i $80 ii $150 iii $240 
p i ci ii 16 iii 27 
<< шинэ шин шинж шинж шинж шинж шин шинж шинж шин шинжин 
2 4 6 8 10 12 
b i Qi = 15, 03 = 24 ii 9 iii none 
ET um 
SS 
10 15 20 25 30 
731 
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Semester review 1 


Measurement 
Short-answer questions 


1 a 43cm b 320cm? 
2 a 8cm b 44m 
3ai 37.70cm 
b i 14.28 cm 
c i 11.14m 
a b 112 ст2 
а ii 78m? 
b ii 72m? 
C 


10.5 m? 
i 45cm? 
i 30m? 
i 942.48 mm? 


Multiple-choice questions 
1€ 2E 3 B 


Extended-response question 


а 7.85m? Ы 31.42 m? 


Consumer arithmetic 
Short-answer questions 


1 $170.40 

2 a $82.80 
с $2097.60 
$2128 
$1550 
$102 
$5392 

a $37180 
c $22829.56 
8 58837.34 
9 $16.20 


“NO сл о 


Multiple-choice questions 
1€ 2A зс 


Extended-response question 


a $711.55 
b $59.92 


c i $149.80 ii $832 


Algebra and indices 
Short-answer questions 


1 а 7ху+4х b -214, 


2 аі -4х+12 ii 
bi 63-5» ii 


x+3 b 


10х9 һ 


9a? 
ГА а? 
1 473000 

b i 2.76x 107° 
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c $1130 


40 


15x? + 6х 
3x(x + 2) 


с 30000 ст? 

c 9m 
ii 113.10 cm? 
ii 12.28 cm? 
ii 7.14m? 

c 8m? 


ii 534.07 mm? 


4A 5D 


b $110.40 
d $2346 


b $12833.60 
d $439.03 


5А 


iii $83 iv 11.08% 


с“ 
2 
iii 13x — 6 

iii —4y(2x + 3) 
9x 2x —3 
с 10 d 8 


c 8? 


2)? 


x4 


g 40° h 


ii 0.00521 
ii 8.71 x 108 
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Multiple-choice questions 


1€ 2D 3A 4D 


Extended-response question 


а А = 3000(1.06)" 
b i $3370.80 i 
с 11.9 years 


$4255.56 


Probability 


Short-answer questions 


17 
20 


2 11 
5 85 


1а 


2а 


1 8 
15 5 15 


Yes, Pr(A) = Pr(A | B) = 


o| = 


b No, Pr(4) -i* Pr(A | B) =: 


Multiple-choice questions 


1€ 2E 3A 4D 


Extended-response question 


a | Т А 
ТТТ (АТ) 
А | (Т.А) (АА) 


Statistics 
Short-answer questions 


58 


ole 


5B 


1a Class 


interval Frequency 


Percentage 
frequency 


0- 2 1096 


2096 


2096 
1596 


3096 


E 
сл 
| 
—|с|оо| | 


5% 


100% 
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b 64 L 30 Chapter 6 
9 
54 z 
544 L 20 $ Warm-up quiz 
$34 5 1 a (3, 5) b (4-2) с (-4,-4) 
сар, | L 10 Ej e (2,—2) f (2,0) 
| S 2aG b D c B 
i Em. ы | 
0 | | Lo 3 a Square b Isosceles triangle 
0 5 10 15 20 25 30 4 a 11 b 19 c 10 
Number of days e 0 | ft -1 g 3.5 
c i 14 ii 50% : а ~ min : TA km с к km/h 
iii 20 — 24 days, those that maybe catch public transport to e 361 { 854 
: work ог school each week day. 123.456 b —2,—1,0,1 482 
а Stem | Leaf 846 b 9 с 3 
014789 в5 f 9 
125578 9 a Positive b Zero c Undefined 
214 4 6 
312 6 6A 
* Now you try 
3 | 6 means 36 
b Skewed Example 1 
3a2 4 6 7 8 10 12 12 15 17 30 a 240km b 3 hours c 360km 
b i Min - 2, тах = 30 ii 10 
iii 0; =6,03=15 м9 v Yes, 30 Example 2 
" a 50 b 20 c 30 
к= к= х 
11111111115 Example 3 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 а 40ст р 16ст а 3.75 months 
4a 
2 2500 Example 4 
s 2000 a $500 b $1000 с З years 
3 1500 
& 1000 Ехегсіѕе бА 
Cat fet ез tt 1 a 30mins b 60 mins с 90 mins 
Е МАМ е т A S ОМ р 2 а Interpolation b Extrapolation 
ontns 
b Balance fluctuated throughout the year but ended up with more За 360 m b zu c 540 km 
4 a i $10000 ii 540000 
money after 12 months. li-liférensed 
c May and June с 530000 
d Increase of $500. 
5 a 300 deer b 100 deer с 200 deer 
6 a i 50cm ii 45 kg 
Multiple-choice questions bi 10 ii 3 
1A 20 3E 4B 5 С 7 a 80cm b 40cm 
8 a 400m b Approx. 250 m 
Extended-response question с Approx. 33 days 
a,c Height of plant species 9 a $10000 b $0 с 12 years 
10a 200g b 200g 
50d ------------- à 
24 | iia =h (30 тіп) 
BAG ртт | 2 
Eas | | b i 1pm. ij 1:15 p.m. 
2 ME iii Approx. 1:08 p.m. iv 1:30 p.m. 
bros d ci -120m ii -80 m 
25 x | d i От ii -160m й -280m 
0 i T—1 T Tx e i 1245p.m. ii 2p.m. iii 2:45 p.m. 
4 8 12 16 20 24 
Water (mL) 
b Positive 
d i 41cm ii 22mL 
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d 


(73,1) 


S 
Hexagon 
3:9 

-9 


41 


Negative 


c Approx. 21 months 


с 21 h (2h 15 тїп) 


SJBMSUY 
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68 
Now you try 


Example 5 


a 3km b 20 minutes 


Example 6 


Distance (km) 


Time (hours) 


Exercise 6B 
1 А,С,Е- moving at a constant rate; В, D — at rest 
2а 5 b P со d R 
e T f S 
3 a 20km b 2h c approx. 17.5 km 
4 a i 40kg ii 50 kg iii 80 kg 
1 
b =h 
2 
с 1st hour 
5 a 200m 
b 80s 
с i Approx 31m ii 62m iii 150 т 
баі 3m ii 2m iii 2m 
b The lawn 
c i 1.5m ii 4m iii 6.5 m 
a 10km b 20km с 27 min d 9 тіп 
8 А 
100 4 
E 
E 
3 504 
8 
E 
T T T T > 
© 0.5 1 1.5 2 
Time (hours) 
9 A 
^ 154 
E 
Š 104 
8 
& 54 
T T T T» 
a 10 20 30 40 


Time (s) 
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10a 20km b 22min 
с А 
_ 204 
& 164 
8124 
E 
S 84 
А 44 
T T T T T T > 
0 4 8 12 16 20 2 
Time (min) 
1 А 
в 20-7 
© 
> 154 
S 104 
2 
А 54 
Т Т Т Т Т Т Т » 
0 1 2 3 4 5 6 7 
Time (hours) 
12a 
_ 404 
E 
=. 
3 
8 
E 


Time (hours) 


b 48 km/h с 20 km/h 
6C 
Now you try 
Example 7 
х =] 0 1 
у |= 2:3 
" 
À 


у= 3х+ 2 


Ехатр!е 8 
а C 


800 
600 
400 
200 


O| | 


b i $700 
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Example 9 


а | No. of hours (n) 1 2 3 4 
Cost (C) 180 240 300 360 
b C 
400 
300 
200 
100 
[7 n 
1 2 3 4 
c i $270 ii 3.5 hours 
Exercise 6C 


1a A(2,1) В(-3,3) C(2,-3) | D(-4,0) E(4, 4) 
Е(0,-2)  С(3,0)Н(-3,-2) 10,4) J(-2, 4) 


K(-4,5) 

b D,0,G c OF d (0,0) 
2 (-2,1) (71,1) (0, —3) (1, 5) (2, 7) 
3 a 6+4=10,(-3, 10) 

b 2+4=6,(-1,6) 

€ 0-4-4,(0,4) 

d -4+4 = 0,(2,0) 


4 
a 
1 у=2х 
4 chr х -1 0 1 
»l-2|o0|2 
є x 
-4 1-1 0| 5 4 
Y 
b y 
А 
у= х+4 
x 0 1 2 
шинж! › |4 [|5 | 6 
n 
гэ »-X 
2 P| 123 
с 
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с 
0 3 
2 11 
0 3 
-4 | 5 
6 a (0,0) b (1,4) с (—1,3) d (02 е (—1,—5) 
7a А 
400 4 
360 У 
© 3204 
Š 280 4 
240 4 
200 
T T T T T » 
О 1 2 3 4 5 
Hours (п) 
b i 5300 ii 4.5h 
8 a А 
40 4 
_ 324 
Fr 
5 24 4 
S 164 
8 al 
T T ji T T > 
9 1 2 3 4 5 
No. of litres (L) 
bi $28 ii 2.5 litres 
9 a [No. of km (К) | 100 | 200 | 300 | 400 | 500 
Cost (C) 300 | 400 | 500 | 600 | 700 
b Ch 
2] Т Т Т Т Т > 
100 200 300 400 500 
No. of km 
с i $450 ii 450 km 
10 а (No. of deliveries (d) | 0 | 5 | 10] 15| 20 
Pay (P) 20 | 35 | 50 | 65 | 80 
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Paid ($) 


æ> 4 


5 10 15 20 


No. of deliveries 


ci ii 18 


tla 


$56 
Yuri 


No. of hours work 


Cost (C) 75 


3 


225 | 275 


4 


Sherry 
No. of hours work 


3 


4 


Cost (C) 90 


210 | 250 


Hours 


c i $250 ii $150 iii 0.5 h 


v 1.51 
Yuri is cheaper only for 1.5 hours or less. 


6D 
Now you try 


Example 10 
(4, 7) 


Example 11 
(4.5, —2) 


Example 12 
Ad 


Example 13 
452 
Exercise 6D 


1 a midpoint 
2a м-(Р 41) 


b length 


2° 2 


АВ = N58 


4 а (3.5, 5) р (3,4) с (0,—1) 
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5 а (2,5) һ (4,8) с (3,5) 
4 (2.5,4.5) e (6,2.5) f (2.5.4) 
g (-1,-2) h (-3,-4) i (74,73) 
j (1,1) k (73,4) | (0,0) 
6a5 b 441 c 5 d 74 
7 a N13 b N18 с 429 
d N29 e ЇЗ f 25-5 
8a5 b 10 c 11.2 
d 57 e 5 f 3.6 
9 а 2 b N13 с 134 
d N89 e 426 f 410 
10 (-2, —5) 
fl a A(1,4), B(6, 4), C(6, 1), D(1, 1) 
b (3.5,2.5) € (3.5,2.5) 
d The diagonals of a rectangle bisect (cut in half) each other. 
12 a,b 
y 
Á 
6 
-4 
В 
im А | » x 
6 аә 121406 
| 
С 
+44 
—64 
Y 
сї 5 ii 5 
d Isosceles 
e P = 16units, A = 12 units? 
f (4,0) 
13a (3,4) b Vi3 
с v13; length of radius d 22.7 units 
e 40.8 units? 
6E 
Now you try 
Example 14 
4 5 
“з WSs 
Ехатр!е 15 
a3 b Undefined с -3 d 0 
Example 16 
1 7 
az bog 
Exercise 6E 
1 a zero b negative c positive d undefined 
2a+ b — б + 
d- e $ f “> 
3 a 1 һ 4 C ^5 
_3 1 E 
4a 8 b 15 8-3 
5а2 b 5 с -3 d —2 
f 0 g 0 h Undefined i Undefined 
2 2 3 
6 Bla ОН цагг 
7a3 b 2 с -i d-i ео f Undefined 
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8 а | Line segment | Rise | Run 


Gradient 


AB 1 


AC 2 


AD 3 


BC 1 


BD 2 


CD 1 


NI =| NI =| N| =| PI =| PY) =| MI — 


SJBMSUY 


b They have the same gradient. 
9а2 b 1 с 


4-2 e 1 f 
10a 1 b 1 с 


е 11 Ёс 


11 Gradient = 0.344 
12a AD b C EG с 
d B,EH e G 


6F 
Now you try 


Example 17 

a i 10km ii 10km/h 

b i 10km/h ii Okm/h iii 
Example 18 

a i 2L ii 2L 

b i 0.4L/s ii 0.2 L/s 


Exercise 6F 


1 gradient һ two с 
km/h e L/min 

2 a 90 km/h b 15 L/min 
3 a i 60km ii 60 km/h 
i 60 km/h ii 0 km/h 
i 15 кт ii 15 km/h 
i 0 km/h ii 30 km/h 
i 2L ii 0.5L 

i 0.2 L/s ii 0.05 L/s 
i 1.5L ii 0.5L 

i 


0.15 0ѕ й 0.05 L/s 


4 тіп 

i 0.5 km/min 

iii 0.5 km/min 

iii bi c 


Cc» Cr $0 C^ $0 C? £0 CF £0 CX» $5 £5 о c 


Distance (km) 


d 0 


6D 


7.5 km/h 


units 
iii 90 km/h 
iii 0.05 L/s 


iii 0.15 L/s 


ii 0.75 km/min 
iv 0.25 km/min 
її steepest 


Time (hours) 
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Height (m 


Distance (km) 
ю в с 


0| 5 10 15 20 25 30 35 40 45 
Time (s) 
Time is 44 seconds. 
tla 3 
b i 6km ii 14 km 
€ B,D,G 
d EH 
e i 6 km/h ii 14 km/h iii 16 km/h 
iv 6.4km/h v 16 km/h 
f EandH, same gradient 
1 
g 57 h 
h 40 km 
i 10 km/h 
Progress quiz 
1 a 10cm b 30cm 
2 a 160 Кт b 80 km/h 
3 


c 30cm 
с 50 km/h 


> 


O T T T T T 
5 10 15 20 25 30 
Time (min) 
4 а у-3х-1 
x|-2|-1|0 | 1|2 
yl-5|-2|1|4[|7 


by-2-2x-«3 


х|-2|1-1|0(112 


У|7|513(1 
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-44 
Y 
5 а [No.ofhours (п) 1121314 |5 
Cost ($C) 100 | 160 | 220 | 280 | 340 
b С 
400 
300 
200 
d 50cm 100 
2] п 
1 2 3 4 5 
с i $190 ii 3.5 hours 
6 a Midpoint (3.5, 8), distance = 5 units 
b Midpoint (1, 9.5), distance = N61 
7a4 b =; c 0 d Undefined 
4 
2 
60 
Now you try 
Example 19 
ai 2 ii —5 
bi -3 ii 2 
Example 20 


-3 
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b y 
O| | x 

с у 

А 

(1,4) 
со > x 

Y 
Example 22 
No 
Exercise 6G 


1 a gradient-intercept 


d y-intercept 


м 
£5 


y-3x-1 


Horizontal 
Vertical 


12 
i 6 
i- 


> 
£0 — оф a шоо соо — сз — 
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b у=-ух+? 


Passes through the origin 
Vertical and passes through the origin 
Passes through the origin 


ii 4 
ii —7 
ii 7 


b gradient 
е zero 


€ coefficient 


C y--x 


>y 


>= 


(1, —5) 
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ба у һ у 
А А 
_ ——— 
0 » X О > x 
21212122 
-2 
с у d y 
Е ПНА A 
5 
0 > x О 5 х 
е y f y 
A A 
21 0 = [7 gps 
g y h y 
А 
(1,6) 
(1,3) 
0 ii 0 т 
i y 
A 
O ин 
(1, -2) 
7 a 1,0 b -3.3 c 1.45 d 0,4 
i 3 es : 


Undefined, none 
iv b ii 
vii g iii 


сү 
h viii 


di 
i ix 


e vi 


c = —2 in each equation; e.g. y = 7x — 2, y = x — 2 etc. 


m = —1 in each equation; 
84.у--х,у--х-47,у- 


е 
а 
f 

9 а c=5ineach equation; e.g. y = 2x + 5, y = —3x +5 etc. 
b 
a 
b 


—x — З etc. 


с m = 0 іп each equation; e.g. у = 4, y = —2 etc. 
d mis undefined in each equation; e.g. x = —7 etc. 


fla iiandiii 
12a No 
13a у-х-4 
d 
с гаас 


14 Check with your teacher. 


b Yes c No 


b iandiv 
d Yes 
b y-x-1 


d у= 2х+1 


15 а They all have the same gradient. 


b They all have a y-intercept at 
€ Check with your teacher. 


E 


© Greenwood et al. 2021 


m = З іп each equation; e.g. y = 3x – 1, у = 3x, y = 3x + 4 etc. 


e Yes 


T39 


Cambridge University Press 
Updated June 2023 


140 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


6H 


Now you try 
Example 23 
a Parallel b Perpendicular 
Example 24 
а у-2х-4 b у=-1х+3 
Example 25 
а у= 3х- 3 р у= 2х+6 
Exercise 6H 
12a 6D b B,E с Yes d Yes e Yes 
3 8 
2a4 b -7 с 1 d 7 
1 1 8 9 
8а-- b = с -= d = 
3 2 7 4 
4 a Parallel b Perpendicular c Neither 
d Neither e Parallel f Parallel 
g Neither h Neither i Perpendicular 
j Perpendicular 
5 а у=4х+2 р у=2х+4 
C y2-x-3 d у=-ух+3 
в у= 10-8 f y2-2x- 10 
g у=—6х+6 h y-24x-7 
6 а y=x+4 b y-2-x-«8 
б у=—4х—1 бус а= 
3 
1 
e у= -5х+6 f p=-x-2 
3 
О у=—;х+5 h y=-x+31 
Tai 1 ii —1 
bi y=x ii p=x-2 ili y — x 4-3 
iv у= =х+2 ү у= -х М y2-x-4 
8 а у= 2х+2 b y-2x-4 
с у= 5-4 d х= –8 
3 
9 а у=-5х+7 b у= -=х-2 
5 7 
с Да сал d y-zx 2 
10 a Parallel b Parallel с Perpendicular 
d Perpendicular 
fiai 1 ii 1 iii —1 iv —1 
b Opposite sides are parallel; adjacent sides are perpendicular. 
с Rectangle 
, 4 NES г 
12ai 3 ii 1 iii 0 
b Right-angled triangle because АВ is perpendicular to BC. 


ISBN 978-1-108-87886-9 


6l 
Now you try 
Example 26 


Exercise б! 


1 a The x-intercept is where у = 0. 
b The y-intercept is where x = 0. 


2a 


y b 
À 
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е у Ї у 
А А 
ыш ыг А 
E 0 »-x = О >x 
g 7 һ у 
А 
E 0 »x 
-10 
ci 
b y 
А 
of2 4 
29 3 
d y 
A 
2 
_3 О >x (0) 2 * 
4 
-3 
е y f y 
À 
1 
83 x 0| f2 С 
-3 
6 a iii b ii сі 
Там b ii ci 
dv e iv f iii 
1 1 
-2 = 2 2 
8 a b 5 с d 2 
9ai 2,-4 il A = 4 units? 
bi -2,2 ii 4 — 2 units? 
сї —15,-3 ii A=2.25 units? 
41-42 ii A = 4 units? 
10a 90m b 75 5 
11 Many answers; e.g. 2x + y = 4,a =2,b=1,d =4 
12a 2,—4 р —5,—10 c 1,1 d 2,4 
2 
-4 -1,- 
e -4,6 Ї 3 
6J 
Now you try 
Example 28 
1 1 
a 2 b 2 с у=5х+2 
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Example 29 


a -3 b 21 б у= -3x + 21 
Example 30 
a C = 201+ 100 
b c 
200 (5, 200) 
150 
100 
50 
t (hours) 
С 5 
c i $160 ii 8 hours 
Exercise 6J 
1D 
2€ 
3ai m-2 ii 1 ili y=2x+1 
bi m=-3 ii 2 iii y = —3x +2 
ci m=4 ii —3 ili y=4x-3 
di m--4 ii 0 ili y = —4x 
e i m--1 ii 2 iii y = -x+ 2 
f i m=2 ii 0 iii y = 2x 
4ai 3 ii 1 iii y=3x+1 
bi -1 ii 6 iii y = —x 4-6 
ci 5 ii 21 iii y = 5x +21 
di 3 ii —16 iii y = 3x — 16 
ei -3 ii 2 iii y = -3x +2 
23 M. E 
f i 2 ii 2 lll y- 5x *5 
5a y-4 b y=-1 0 x-3 
d x-—-2 e y-2 f x=7 
6 a y=2x b у=3х с у=$х 
2 
d у= -3х 8уз-х f y--gx* 
fat? il y=7x 
bi -3 i y=-3x 
ci ii y=x+2 
„9 ЭЛЭЭЖ: 
d i 2 ii y= 25 
ei 0 ii y=2 
f i Undefined ii x=3 
8 a P=2n+10 
b с 
A 
30 4 
20- 
10 
T LJ» П 
d 5 10 
c i $28 ii 23.5 kg 
9 a 4-00/-100 
b A 
A 
1000 + 
100 = 
15 
c i $820 ii 10h 
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10a W=/+80 
b w 
А 


2 20 
c i 87kg ii 29L 
11 a —2, (0,1000) 
b Ww 
А 
1000 
> | 
2 500 
с 10001 
d i 3601 ii 952L iii 664 L 
e i 350h ii 407.5h 
a їр 0 | 1000 | 2000 | 3000 | 4000 


Cost, ММ | 0 |1400 | 2800 | 4200 | 5600 
Cost, TT |3000 | 3700 | 4400 | 5100 | 5800 
Cost, LL | 4000 | 4500 | 5000 | 5500 | 6000 


p 5000 | 6000 | 7000) 8000, 9000 
Cost, MM | 7000 | 8400 | 9800 | 11 200 | 12600 
Cost, TT | 6500 | 7200 | 7900| 8600) 9300 
Cost, LL | 6500 | 7000 | 7500| 8000) 8500 


tt oo ДЕЙ ЛИНК ЕНЕГЕ ий 
О 1000 3000 5000 7000 9000 
No. of parts 
c i $2100 ii $1400 iii $7250 iv $8750 


d Mandy's is best for parts less than or equal to 4285. Terry's is best 
for between 4286 and 5000 parts and equal to Lenny's at 5000. 
Lenny's is best for parts > 5000. 


6K 
Now you try 


Example 31 
а C=1.38n b $66.24 


Example 32 
ak=12.5 
d 19 hours 


b W=12.5n с $75 


Example 33 
a 50cm b 24 inches 


742 
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Exercise 6K 


1 a decreases b increases 
2 a iiandv 
bi k=5 ii к= 12 iii k = 40 iv k =22 
V к= 7.5 
3 а к= 4, у= 4х b к= 1.2, у= 1.2х 
4 а = 11.5; b $431.25 
5 a V=6r b 14401 с k —8640, V = 8640; 
d 60480L 
6 а к= 244 b P = 244п 
с $33 184 4 1175 їоппеѕ 
7 а к= 774 b d=774t 
с 4.26 4 619.2 кт 
8 а 48ст b 10inches c 30cm 
d 10cm e 22inches f 76cm 
g 63cm (or 64 cm) h 100cm 
9 a 94cm = 37 inches, m= Е = 2.54 b 2.54 cm/inch 
с k=2.54 d y=2.54x 
e 127cm 
10a i 98NZD ii 62 EUR iii 51 GBP iv 41 AUD 
v 41 AUD vi 41 AUD 
b i 40 EUR = 50 AUD, m = » =0.8 її 0.8 EUR/AUD 
iii k = 0.8 EUR/AUD iv y = 0.8x 
v 500 EUR 
tla : 
Volume (V) of diesel,) & | 10 | 20 | 30 | 40 |50 
in litres 
Cost (C), in dollars | 0 | 15 | 30 | 45 |60 | 75 
b Cost of diesel fuel 
É 
Е 
© 
\{ Т jf li тэ» 
2 10 20 30 40 50 
Volume (Г) 
c m=1.5 4 Rate = $1.5/L 
e k=1.5 


12 a Number of hours worked and wages earned are in direct proportion. 
If the number of hours worked doubles, then the wages earned also 
doubles. 

b The cost of buying tomatoes and the number of kg are in direct 
proportion. If the number of kg doubles, then the cost also doubles. 

€ The speed and time taken are not in direct proportion. If the speed 
increases, then the time taken decreases. Alternatively, if the speed 
decreases, then the time taken increases. 

d The size of the movie file and the time taken to download it are in 
direct proportion. If the size of the movie file is doubled, then the 
time to download will also double. 

e The cost of a taxi ride and the distance travelled are not in direct 
proportion because the graph does not start at (0, 0). The 
y-intercept is the flag fall cost. 
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13 а 15 cents/min 
c 3mL/s 


d 5ml/s 
g 1.5 cents/g 
i 4.8 kg/year 
14a d = 90; 
c 100m 
15a Singapore dollar (SGD) 
i SGD = 1.2 x AUD 
iii AUD $200 
b Chinese yuan (CNY) 
і CNY = 6.47 x AUD 
iii AUD $11.59 
€ South African rand (ZAR) 
i ZAR = 9.5 x AUD 
iii AUD $5.26 


40 cents/min 

20 m/s f 5m/s 
3.2 cents/g 

1.54 kg/week 

k = 25, d = 251 


= — = о с 


ii SGD 5288 


ii CNY 485.25 


ii ZAR 475 


Maths@Work: Accountant or small business owner 


1 a Income: blue line; costs: red line 
b 0,1,20r3 
с $0,$0 
d 4 
e $ 
A рт 
120 + y ali 
„Ё 
во РА 
и і n 
4 8 
f P-13n- 50 
g i $80 ii $145 iii $340 iv $600 
2 a 40; cost of advertisement = $40 
b $2.67 
€ 6.67; $6.67 retail price per glass 
d 10 
e i C=2.67n+40 ii 7 —6.67n 
iii P = 4n — 40 
3 a C= 2004 50n 
р 7-80n 


C | о Edit Zoom Analysis + 


peTu Tees pa 770168 


ЕЕЕ 


Shvati (806612 |Sheet’ [Sheet4 |SheetS | 
|Mly1=50+x+200 
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d 7 car parts 
e $760 
4 a i 500, $5000 
iv 250, $4000 
b P = 500a — 5000 
c i $0 ii $1000 


ii 375, $4500 


iii $2000 


d People will stop buying parts if they are more expensive than the 
price from another business or if they are just too expensive for the 


customer to afford. 


Puzzles and games 


1 PLOTTING LINES! 

3 Both 13 km apart 

4 a 160 ice-creams for zero profit 
b 493 ice-creams sold 


Short-answer questions 


1 a 40 km b 2 hours € 60 km 

2 а 1 56000 ii $8000 iii $9000 
b i $2000 ii $4000 iii $5000 
с 10years 

3 а 15Кт 
b 3h 
ci P km ii 6 km iii 9 km 
d 3 2 һ 

4 


Distance (m) 


iii 300, $4200 


iv $3000 


iv 15 km 


Time (S) 


Sa[dqdlo[s5[|10|15|20 
Р|10 | 35 | 60 | 85 | 110 


c i $70 ii 17 
621 b -1 c -2 d : 
7 a (4,2) р (2,2.5) € (1.5,—1) 
8 а AB-5 b PO= 50 
9 a Gradient = 3, y-intercept = 4 
b Gradient = —2, y-intercept = 0 
10a y b y 
(1, 5) 
3 
0 »-x 0 »-x 
(1, -4) 
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d y 
A 
AT lo me 
b y 
А 
J= x 
О 3 
—6 
iii y = 2x 
iii y = —4x +16 
с 
d ii 
e iv 
fv 
14a Е-20п--50 
b E 
170 
150 
100 
50 
T тж» п 
o| 2 4 6 
c i $130 ii 5.5 bins 
15а y=2x+3 b у=1х-1 б y=-x+2 
d и ET e y=—4x+6 f T 
jc у= —4 y--y 
16a k= $16.50/h 
b W=16.5n 
c i $132 ii 16 hours 
! 15 
17a 8km b 22 miles сб m= 24147 0.621 
4 0.621 miles/km е k = 0.621 miles/km 
f у= 0.621х g 62.1 miles h 161 km 
18 a Direct proportion. If the number of cricket balls increases, then the 
cost will also increase. 
b Indirect proportion. If the number of people increases, then the cost 
per person decreases. 
19a k=15 
b yf] 3 | 5 | 15 
1 15 5 3 1 
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с П 
15 
10 
5 
Т Т Ta w 
о| 5 10 15 
4 1.5m 
e 3.75m 
Multiple-choice questions 
1A 2E 3D 4A 5B 6 E 
7€ 8A 9B 10D fi D 12 Е 
13 C 140 
Extended-response questions 
1 a [Time in hors 0|21416|8 
(t) 
km from 
Moorbank 720 | 540 | 360 | 180| 0 
b А 
800 4 
x 7004 
8 6004 
3 500 4 
= 4004 
£ 
Š 3004 
= 2004 
100 4 
T T T T T T T > 
2 1 2 3 4 5 6 7 8 
Time (hours) 
с дат. d 7h e 8h f 4p.m. 
2 аі 440km ii 280 km 
b i D--—80r-4 520 or D = 520 – 80; 
ii 
T T T 1 
4 2 4 6 6.5 
c i 160 km ii 2.25 hours 
Chapter 7 
Warm-up quiz 
1 a Acute b right с obtuse 
4 straight e reflex f revolution 
g Complementary h Supplementary 
2aE b B por 
d A ec f D 
3 а a=110 b b=140 с c=210 
d d=35 e е= 60 f f —40 
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4 a a=110,b=70 b a=105,b=75 Exercise 7B 
-40,5-14 
Eco 1 a 180° b isosceles c 60° 
5al b 4 c2 
4 obtuse e scalene f 90° 
d 2 e 1 f 1 2C 
= 360°, а = 1 = 540°,Ь = 12 
.. а көс 0 3 а с= 120 р х= 60 с х= 25 + 35 Зэ 
1aD ИМ: 4 a 70 b 10 с 25 
в лавр and ACBD й a E. 23 
9 AACDand AABE d 20 a 112 { 32 
6 а 145 b 144 с 45 > 
ТА d 60 e 60 f 47 © 
Now you try 7 a Yes b Yes c No = 
d Yes e Yes f Yes o 
Example 1 g No h Yes i Yes 
а = 110 (supplementary), 8 a 65? b 115° 
b = 110 (alternate) 9 a a=70 b а= 120 с а= 70, b - 70 
c = 70 (corresponding or cointerior) d а= 35, р = 105 e а= 115, b = 115, c = 45, d = 20 
d = 70 (vertically opposite) f а= 40, b 2100, c= 40, d = 40 
10 а a°, alternate b b°, alternate с Ѕит їо 180° 
Example 2 tai 50° ii 130° 
a No – corresponding angles are not equal. b i 20° ii 160? 
b Yes — cointerior angles are supplementary. c i 0? ii 180? 
Exercise 7A 1C 
1 a 180? N 
ow you tr 
b equal у у 
c i equal ii equal iii supplementary Example 6 
2 a Alternate b Vertically opposite 120° 
€ Cointerior d Corresponding Example 7 
3 а= 20 supplementary, b = 20 alternate, a х= 100, у = 145 р х= 90 
с = 160 corresponding, d = 160 vertically opposite 
4 а = 100 supplementary, b = 100 alternate, Exercise 7C 
c = 80 corresponding, d = 80 vertically opposite 1 a 360° b trapezium and kite 
5 а x=110, у = 110 b х= 40, у = 140 2 а Parallelograms include squares, rectangles and rhombuses. 
c х= 75, у = 105 d х= 120, у = 120 3 a Square, rectangle, rhombus, parallelogram 
e х= 110, у= 70 f х= 105, у= 75 b Rectangle, square, parallelogram, rhombus, kite 
6 a Yes, corresponding angles are equal. с Rhombus, square, parallelogram, rectangle 
b No, alternate angles are not equal. d Trapezium e Kite f Square, rectangle 
€ No, cointerior angles are not supplementary. g Square, rectangle h Square, rhombus, kite 
d Yes, cointerior angles are supplementary. 4 а х= 20 b х= 110 с х= 240 
е No, corresponding angles аге not equal. d х= 125 е х= 30 f х= 55 
f Yes, alternate angles аге equal. 5 a x=60, y=120, z=60 
7 a 60 b 20 c 100 иог e A 
d 115 e 50 f 30 C а ME mo d х= 45 
e х= = 25 = у=: = 90 
8 а а= 90, b= 90, с= 90 b а= 90, b = 90, с = 90 100 у= 140 5 Бол 
€ а= 135, b 245, c=135 d а= 50, b=130, c=50 6 a 115 , һ 60 c 30 ; 
e a=90, b=130 f a=110,b=120 d 50 e 90 f 140 
9 a (а, е), (d, f). (b. h), (с, 8) 7 а Ithas two equal side lengths. 
b (d, h), (c, e) € (c, Л), (d, e) b i 120 ii 40 
d (a, с), (b, d), (e, g), (f, h) с It has two equal side lengths and two pairs of equal angles and one 
10a 90 b 75 c 10 pair of parallel sides. 
Ms ny ын н : an b 118 115 d 110 
a с 
a b 14 c 10 10a а-30,5-120, c=60, d =60, e = 30 
b а= 80, b = 100, c = 80, d = 50 
7B € a=40, b=20, c=50, d=110 
d b=50, с= 70 
Now you try е a=60, b=20 
Example 3 f а= 10, b=80 
х= 20 
Example 4 7D 
x=75 Now you try 
Example 5 Example 8 
а x= 130 b х= 45 х= 125 
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No. of Total angle Regular polygon 
Polygon No. of sides Diagram triangles sum (S) internal angle (A) 
Triangle 3 P 1 180° 60° 
Quadrilateral 4 2 360° 90° 
Pentagon 5 (ЛУ 3 540° 108° 
Нехадоп 6 4 720° 120° 
n-gon n п-2 1809х(п-2) 180° x (n — 2) 
n 
Example 9 Exercise 7E 
a 35cm b 900 c 128.57 1 a False b False d True 
Р 2 SSS, SAS, AAS, RHS 
Exercise 7D 3a E b AC 
1a4 b 8 c 10 4 7 4 a ЛАВС = ADEF (SSS) 
e 9 f6 g5 h 12 b AABC = ADEF (SAS) 
2 a 540° b 720° с 900° с AXYZ = ASTU (RHS) 
4 10809 e 12609 f 1440 d AXYZ = ASTU (SSS) 
3 All sides and all angles equal. е AABC = ADEF (AAS) 
4 a 720°, 110 b 540°, 130 f ЛММО = APQR (AAS) 
с 540°, 30 d 900°, 105 5 а АВ= DE(S) 
е 720°, 30 f 360°, 30 BC=EF (5) 
эг. Ace Dr 
a 2000 s -. AABC = ADEF (SSS) 
7 a 120° b 240° b AC=DF(S 
8 a 1620 b 32409 RE eed 
9 a 144? b 165.6? АВ = DE (S) 
10a 120° b 240? BC - EF (S) 
fla 72° b 252° х AABC = ADEF (SSS) 
12a х= 108, y = 72 b х= 60, у= 60 с AB- DE (S) 
б х= 45, у= 225 
13 а See table at top of next page. ZBAC = ZEDF (A) 
Е 2 180? x (n — 2) AC = DF (S) 
bi S=180°x(n-2 д=- = 
L5 Sino) " n г. ЛАВС = ADEF (SAS) 
d AB=DE(S) 
ТЕ ZBAC = ZEDF (A) 
Now you try AC = DF (8) 
2. AABC = ADEF (SAS) 
Example 10 e CAB = ZFDE (А) 
a AABC = ADEF (SSS) b AMNO s AEFG (RHS) ZCBA = ZFED (А) 
Example 11 ВС = EF (S) 
a ZABC = ZDEF (A) ^ AABC = ADEF (AAS) 
ZACB = ZDFE (A) f ZABC = ГРЕЕ (А) 
АВ = БЕ (5) ZBAC = ZEDF (А) 
-AABC = ADEF (AAS) 
b XY = ST (5) AB =DE) 
YZ = TU (S) g АВАС = ZEDF = 90° (R) 
“AX YZ = ASTU (SAS) ВС = EF (Н) 
AB = DE (5) 
2. AABC = ADEF (RHS) 
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d and g, c and e 
259, 75? 


о мо 


оо о о о 
= 
11 
сл 
g' 
ч 
Ш 
A 
sos 
зыч 
ou tl 


BC = DF (H) 
ZBAC = ГРЕЕ = 90° (В) 
AABC = AEDF (RHS) 


о 

оо 

Кап 
о 


ij 53? 


Progress quiz 


1 a а= 70 (vertically opposite), Б = 70 (alternate angles in 
parallel lines) 
b c= 70 (cointerior in parallel lines), 4 = 110 (corresponding angles 
in parallel lines or supplementary) 


2 a Yes, cointerior angles sum to 180°. 

b No, alternate angles are not equal. 
3 а x=30 b a=68 c b=100 

4 х-128,у-52 
4 z-85 
5 a Sum = 720°, m = 150 b Sum = 540°, a = 6, x = 108 
6 а ВС- ЕЕ (5) 

ZABC = ZDEF (А) 
ВА = ЕР (S) 


2. ЛАВС = ADEF (SAS) 
b ААВС = ZFED = 90° (В) 

AC = ЕР (Н) 

АВ = ЕЕ (5) 

2 ЛАВС = AFED (RHS) 


ТЕ 
Now you try 


Example 12 
AB_5_ 

a DE 2^ 2.5 (S) 
ZBAC = ZEDF (A) 
AC P5. 

DF 1^ 2.5 (S) 
2. AABC || ADEF (SAS) 

b ZACB-ZDFE (А) 

ZBAC = ZEDF (A) 


ZABC-ZDEF (А) 
л ЛАВС || ADEF (AM) 


Example 13 
Scale factor = 1.5 


х= 4.5 


Ехегсіѕе 7Е 


1 SSA 
2 If two pairs of angles are corresponding and equal, the third pair 
must be equal due to the angle sum of a triangle (180°). 
За 1.5 b 1.5, the same с 1.5 d SAS 
4 a ZBAC = ZEDF (A) 
ZABC = ZDEF (А) 
ZACB = ZDFE (А) 
л AABC || ADEF (AAA) 
b АВАС = ZEDF (A) 
ZACB = ZDFE (A) 
ZABC = ZDEF (A) 
х AABC ||| ADEF (AAA) 
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ooo C) £D со £5 


DE 
ig 29 


DF 
яс 28) 


EF _ 
BC^ 2(5) 
2. AABC || ADEF (SSS) 


2. ЛАВС || ADEF (SSS) 
АВ 

Е" 156) 

ZBAC = ZEDF (A) 

AC | 

тэ 156) 

2. AABC || ADEF (SAS) 
DE 

R715 8) 

ZBAC = ZEDF (A) 

DF 

dc^ 15) 

л ЛАВС || ADEF (SAS) 
ZCAB = ZFDE = 90° (R) 
EF _ 

5С-150) 

DE 

ip^ 90 

2. AABC || ADEF (RHS) 
ZCAB = ZFDE = 90° (В) 
BC _ 

EF^ 2 (H) 

AB 
DE” 2 (5) 
2. AABC || ADEF (RHS) 
“ВАС = ZEFD (А) 
ZABC = ZFED (A) 
ZACB = ZFDE (A) 

<. ЛАВС || AFED (ААА) 


x=8 р х= 21 € х= 4 4 х= 1.5 
х= 4.5 

ЛАВС, ЛАРЕ р ААА 

2.5 d 3.75 т 

AAA, x = 1.5 р AAA, х= 9 
ААД, х= 2.2 d AAA, х= 8 


АВАС = ZDEC (alternate), ZABC = ZEDC (alternate), 


ZACB = ZECD vertically opposite) 
i DC=6cm ii AC=6cm 


Now you try 


Example 14 
a AAA b 2 с 1.6m 


Example 15 
a AABC and ADEC (ААА) 
b Scale factor = 1.5 


CD 215m 
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Exercise 7G 


1 а AAA b AAA 

2 а AAA b 2 

3 a AAA b 2 

4 a ААА b 1.5 

88 _ 

5a 57176 

6 a AABC, ADEC; ААА 

7 a AMA b 5 

8 a AABD, ACBE; AAA 

9 1.90m 

10 Answers will vary. 

fl a AAA b 1.5 

d Let AE- x 

1.5x 2 x10 
m 

7H 

Now you try 

Example 16 

a 2.6cm b 500 

Example 17 


Area ratio = 4:9 
Area = 11.25 m? 


Example 18 
Volume ratio — 8:125 


Volume — 3.2 m? 


Exercise 7H 

1 a 4:25 b 8:125 

2а 2:5 b 32cm’, 200 cm? 
d 12 ст, 187.5 cm? 

3 а 2cm b 1500 

4 a 5cm b 1500 

5 а 16cm? b 45m 

6 a 3mm b 3cm? 

7 a 2cm? b8m? 

8 а 108cm? Ы 156.25 m? 

9ai ikm ii 3 km 
b i 10cm ii 1cm 
c 2km 

10a i 3:4 й 9:16 
b 450 cm? 

11а 1:8 b 240 cm? 

12a i 2:3 ii 4:9 
b 90cm? 
c 54cm? 

13a 1:27000000 
c 9m? 


Maths@Work: Pool builder 


1 а 7.05m р im 
d 3m? е 82° 
2 а Hexagon (6 sides) 
р 720° 
с 720° 
d 


CORE Year 10 


Drawing should be the same shape but 4 times larger. 


о c o oc c c 
м 


c 13.2 т 


c 20 т 


с 4cm d 15m 


с 4:25 (= 22:52) 
e 8:125 (= 23:53) 


с 5cm 4 75т 
с 4cm 4 60т 
iii 8:27 


b 54000 000 m? 


c 60cm 
f 10 
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£L сз с ә 


Octagon and square (a quadrilateral) 

The octagon is not but the square is 

Octagon 135° and square 90° 

If the square was not used, there would be gaps and hence 
no tessellation. 

They should all join up with no gaps. 


Puzzles and games 


1 30 


2 CONGRUENCE 
3 130° 


4а7 


b 11 


5 20m 


Short-answer questions 


1 


9 ою оо ~ о tc о — ьо ший! оо £& 


х= 70, у = 110 b х= 120, у = 120 

х = 65, у = 115 4 х= 30, у = 150 

x = 90, у = 120 f х= 45 

20 b 30 c 77 d 20 
30 g 130 h 70 i 160 


Square, rectangle, rhombus, parallelogram 
Parallelogram, square, rhombus, rectangle 
Kite d Square, rhombus, kite 


a=90 b a=40 б a=110,b=30 
a= 90, b = 130 e a=40,b=140 
а= 110 


5409, 60 

9009, 120 

10m b 540° 
ZBAC = ZEDF = 90° (В) 
ВС = ЕЕ (Н) 

АВ = РЕ (5) 

2. ЛАВС = ADEF (ВНЗ) 
АВ = РЕ (5) 

AC = DF (S) 

ВС = ЕЕ ($) 

~. ЛАВС = ADEF (985) 
ZACB = ZDFE (A) 
ZCAB = ZFDE (A) 

АВ = РЕ (5) 

2 AABC = ADEF (AAS) 
АВ = DE(S) 

АВАС = ZEDF (A) 

AC = РЕ (5) 

2. ЛАВС = ADEF (SAS) 
ZBAC = ZEDF (A) 
ZABC = ZDEF (A) 
ZACB = ZDFE (A) 

~. AABC || ADEF (ААА) 


AB 
pp ?O 
AC 


pi) 


b 720°, 100 


c 108? 


ВС _ 
rp? 


2. AABC || ADEF (SSS) 
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рЕ 
с 4p" 9G 


ZEDF = ZBAC (А) 

DF 

dc^ 190 

<. ЛАВС || ADEF (SAS) 
d ZBAC = ZEDF = 90° (R) 

EF 

BC 

DE 

Ap 25) 


2. AABC || ADEF (RHS) 


=2.5(Н) 


9 a AABE, AACD р AAA с 2.5 

10a AAA b 6.25 c 187.5cm 

fl a 2cm b 5000 c 5cm d 250m 

12a i 2:3 ii 4:9 iii 8:27 
b 32cm? 

Multiple-choice questions 

1B 2A 3D 4E 

6 D ТВ 8А 9C 

Extended-response questions 

1 a 60, 60, 30 b AAA с 2.5 
d 8cm е 4:25 f 6.25 

2 a 2:125 b 281.25 cm 
с 4:15625 d 0.001281 

Chapter 8 

Warm-up quiz 

1а9 b —18 c9 10 

2а14 b 6 с —16 d 32 

3 a 3a b 3m с 8p d 0 
e —5т f 7x+y g 9p h 6m 

4 a 15x b 16р с 32ху d 
e ab Y x g 1 h 2a 
i 3 

5 a5 b 3 с 5 d 1 
e 4 f 2 g 3 h 2 
i 4 j 3 k 6 | 10 

6 a x43 b n+6 с 2w d 5 
e 2x+6 f x-7 g 2(x43) h 

7 a 8x р 4x4 16 с 3x44 

8aF b T СЕ d F 
eT fT gT h F 
i T 

9 a m=7 b y=19 с х-5 15-12 

10a T b T cF 

8A 

Now you try 

Example 1 

a х= 16 р х= 18 с х= 9 d х= –12 

Example 2 

х=4 
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Example 3 
x = 28 
Example 4 
x=7 
Example 5 > 
ax+3=9,x=6 b 2-7-0,х-21 77 
в S 510-88 > 
| © 
Exercise 8A = 
1 a equals b one ” 
AXI 8 TIT IGTS е 
2х+3 3 5 7 9 
3 а Yes b No с No 
d No e Yes f Yes 
4 a t=3 р m=6 с x=6 
d 00-32 е а=—6 f m=15 
g x=6 h х-9 i x=17 
| х-3 k x=-6 | x=12 
5 a p=3 b c=6 c d=9 
d р-1 e т--7 f p=-} 
g х= 50 h m=21 i а= –12 
гиш -3 1 
| z=0 К Цэ | x 
6a x-3 b x=9 € x--11 
d х-10 e х= 14 f х= 10 
g х= 3 h х=4 i х= 50 CH8 
j x=20 k x=21 | x= 7 
Т а x-1 bx=3 e x=3 
d x--2 e x--1 f x--9 
g x24 h x=8 i x-8 
| х--2 k x=-3 | х-5 
8ax=9 р x=0 с x=56 
d х= 20 е х= 35 f х= 90 
0 х= –32 h х= –20 i х= –18 
9am-5 b а=7 ¢ x2] 
d x-1 e n-9 f m=22 
g w=-7 h m=7 i w=27 
| a=1 К a=—37 | 2 
10a х+4=6, х= 2 р х+12= 8, х 
€ х-5-5,х-10 d кен 
e 2х+3=9,х=3 tX-6x-3 
g 3х-4-16,х-4 
fla 13cm b 12mm 
12a 3 b 5 с 28 d 42 e 82 
13a 11,12 b 6 сЗ d 25, 44 e 8m 
14a C- 604-40 b 5280 с $1120 d 6h 
15a v=6r+5 b 3min с 11min 
8B 
Now you try 
Example 6 
x24 
Example 7 
x-2 
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Ехатр!е 8 4 a b=10 b b=9 с b=17 d b=1.3 
х= =? 5 ah=5 b h=12 c h=3 d 2-7 
6 a b=15 b b=16 c b=12 d 5-32 
Example 9 7ah-8 b 5-8 с h=12 47-28 
х=2.75 8 a m=4 b m=40 0 m=72 d т= 4 
Е le 10 9ah=57 b h=5.1 е 4257 d h=16.0 
хатр!е 10 а 86°F b-11°C — c 212°Е d -17.8°C 
x23 ta 532 b 60km 
12a P=750 b ¢=3.125 с r=7.5 
н 13a 1.5 tablets b 1250 mg 
14a 75 mL/h b 11-20 min 
Exercise 8B 3 
15 a Number of hours b 7.51 
1 a expand b Collect с one 16 P = 27.32 cm, A = 28.87 cm? 
2€ 17 Iqra is now 17 and Urek is 7. 
3E 8D 
4a x-1 bx-5 € х--1 d а-5 
e a-1 f x=15 g m=4 h 4-1 Now you try 
i a=10 j a=0 k x=0 1 а-3 Example 13 
dms WM 2 .- ах»-3 bx<9 
е x= x= PR xc 
a T Example 14 
бах- bx- с x-0 d x-0 FA Ur 
= = = = <H 
dus зэ ын 5 нээн 2-2 
а х= х= 6 x=- х = b х<6 9 
e х=4 f x28 gx hx-2-4 = 5 6 7 а 
i x=-1 j xd] k x=1 | х--1 Example 15 
8 a x=13 b x=6 б x=13 d х-11 а х<3 е —— 0 х 
e х= 10 [ x25 g х-6 h x-8 2 3 4 
| x=-2 b х>—5 ш ex 
9 а х= 12 b х= 18 с х= 60 еы 
4 ар) И | t ? Example 16 
х= 92 8 х=5 x=- wey: 
29 | : 
10а х-10 b х= с х= 45 Ехегсіѕе 80 
Р 5 b 0 3 тас b B cA d E e D 
a = = c =» 
4 i Taa 2aC b D c B d A 
12a x-3 bx-5 € x=10 3a x21 bx<7 € х<4 
d х= 30 e х= 7 4х»-9 e х<1 { x>8 
13a х-7 b x=3 с x=5 gx«-7 h x213 i x«1 
d х-2 e x-5 f х-6 1 0 
g x=11 | vx 
14a C=850+156h b 7h с 8:15p.m. 4a «> " 
<< р! 
15а х-1 bx--3 с x= 2 9 d 
d x-8 e x-3 к PS 7 Эх 
0 1 2 3 4 
8с " 21, 
< T T L—»- X 
Now you try 0 1 2 3 
Example 12 
y=6 d — o | 
+ T T T T T T > Х 
: 0 1 2 3 4 5 
Exercise 80 
1а1 b F c V d A ex > 1 
d [P 2 - 0 1 2 
2 а т= 60 b 4-48 б 4-36 d у= 14.3 
е т= 3.7 
3аг-4 b т=4 01-10 d /-8 P | | oe D 
2 =l 0 1 2 
750 
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o—______> 
m T T T T T >р 
-2 -1 0 1 2 
0--------35 
mi T T T T T >а 
—15 0 15 
яэ---------- 00 
m T T T T T T T >h 


x21 b x<1 б a<6 d a>-2 
ws5 f w»-3 g х<3 h x>-3.5 
x<6 <x—_? 
r r r m—>x 
4 5 6 7. 
> 
E94 a r r r —>х 
3 4 5 6 
х<2 аа: 
<—_, r r г----Х 
0 1 2 3 
х>5 е 
Бы т т т т » X 
4 3 6 7 
n > 100000 b n250 c n>3 
n> 100 e n<30 
eiga b x» 10; 15, 24 
x > 10; 10, 15, 24 d x$0;-6,-2,-5,0 


"T -3.0.2,5,7,10,15,24 
1 


x « 10; -6, -2, -5,0, 2,5,7 
x>5 о> 
m T T T T » X 
4 3 6 J 
x<5 s= 
cx T T T T » Х 
4 Е) 6 7 
х»5 о> 
OS X 
4 3 6 Ч 
» L— > 
шан | ! ——» x 
15 16 17 18 
х»7 > 
X T T T T > X 
6 7 8 9 
х<7 *———9 
m T T T T » Х 
6 7 8 9 
e ci M — — —5 
Р 8-2 т т T T >Р 
-10 -9 -8 =] 
а»0 Oo > 
T T T T z> a 
-1 0 1 2 
x<7 ч o 
< T T T T » X 
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| с> T T T T » Х 
5 6 yi 8 
E o> 
k m> сэ T T T T > m 
4 3 2 1 > 
| 4»54 0— - 
<—_, r r —> d o 
9:2 5.4 5.5 5.6 = 
28——————9 
m x&€0.7 | | , | 2 [4»] 
0.5 0.6 0.7 0.8 = 
o0 
n х<12 <——* 
+ Т Т Т Т » X 
10 11 12 13 
0 х»4 о> 
= Т Т Т T > X 
3 4 5 6 
10a а<2 by>3 c p>5 
d x24 e x«1 f „>з 
g х<1 h x21 i p«l1 
fla х<2 basi с x2 28 
d x»-—15 e x«4 f x«30 
om hx«-z i шэг 
2 248 
А 3 9 
28-22 —— 
| х»1 k x25 | х« 2 


12a 3x «9,x «3 


C 2x+15>20,x>2 


e 4x+7<27,x<5 


b 2.6, <8 ВЕ 


d х+х+4 < 24, х < 10 


13a х»-1 b xs c p2-7 d a>19 
ew<-6 fp>-6 Ор эг h а<-® 
ма 4 6 446 |TorF 
4-3 | 6-3 7-9 Т 
4-3 | 6-3 143 ji 
4x2 | 6x2 | 8<12 T 
4-2 | 6-2 2-3 Т 
4х(-2)| 6х(-2) | -8--12| F 
4-(-2)|6-(-2)| -24-3| F 


b subtract, divide, positive, inequality, multiply, divide, number, true 


8E 
Now you try 
Example 17 
(1,-1) 
Exercise 8E 
1а0 b 1 
2 a (0,3) b (1,2) с No point of intersection 
d (2,8) e No point of intersection f (4,3) 
g (2,5) 
3 a (2,3) b (-1,-4) 
4 a (2,3) b (2,8) с (0,9) d (-3,8) 
5 a (2,3) b (3, -2) 
751 
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(3,9) 
(1,-4) 
200 кт 


ч 


b (1,—3) 

b (1,1) 

b $1400 

A+ removals, $200 cheaper 


€ Best removals, $100 cheaper 


со 
ооо о & 


Time іп 
hours 


0} 1 21314 |5 [6 


Pay of 
company A 


$0 $120 


Time in 
hours 


Pay of 
company A 


Time in 
hours 


Pay of 
company B 


$135 


Time in 
hours 


company B 


Pay of 


$195 


Pay ($) 


м 4 
4 
AG 
oe 


T Т Т Т Т r3» 
10 11 12 


T 
678 9 
Time (hours) 


b (-2.3)(0, 1)(2, 3) 


d Isosceles right-angled triangle 


Y ус1-х 
ү? 


+> у = 3 


c 4 units, 48 ий 548 units 


Tl a [Time in years 


0 2 4 6 


Value of 
luxury sports 
coupe 


$70 000 | $60 000 | $50 000 | $40 000 


Time in years 


8 10 12 


Value of 
luxury sports 
coupe 


$30 000 | $20 000 | $10 000 


Time in years 


0 2 4 6 


Value of 
sedan 


$50 000 | $44 000 | $38 000 | $32 000 


Time in years 


8 10 12 


Value of 
sedan 


$26 000 | $20 000 | $14 000 
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Sports coupe 


с 10 years 
4 520000 
12а No 


Time (years) 


b Parallel lines 


d (-6,-12), ( 
13 а Үев,(0,-1) 


5, -9), (~4, -6), (-3,:-3) 
b Same y-intercept 


d (—2, —3), parallel, (2, 5), (1, 3) 


Progress quiz 


1a x26 b y=17 б m=7 d х--10 
2 а х=9 b у= -4 с х= 9 d х= 6 
e у= 9 f x=-5 
a х= 3 b а= –6 с у= 3 d х= 4 
4 а 2х+3= 25; х= 11 b 22-6; х=15 
с 3022) = 12; х=6 4 2539 16.8 
5ах--2 b x=2 с x=4 
6ab=4 bu=5 с h=2.4 
Tax<i1 bx2-2 
8a x«3 — o 
T T T T T »- X 
-1 0 1 2 3 
b x25; 6—8 
эь: T T T T » x 
3 4 5 6 
с х»-5, 6—————=8 
є т т т T T > X 
6  -5 4 3 2 
9 (1,3) 
8F 
Now you try 
Example 18 
(1,7) 
Example 19 
(-2, -3) 
Example 20 
The width is 6.5 cm and the length is 9.5 cm. 
Exercise 8F 
1 a Simultaneous р intersection 
€ substituted d substituted 
e substitution 
2aA bc 
3 a (2,10) b (-5,-15) с (-4,-8) 
d (1,4) e (2,2) f (2,12) 
4 a (2,5) b (1,3) € (2,1) d (4,3) 
e (-5,-3) f (1,6) g (4,1) h (-1,-5) 
5 a (-1,2) b (3,-1) с (4,4) 
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6 a (2,4) b (-3, 2) с (7,-1) 
7 a (1,5) b (4,10) с (2,1) d (2,9) 
8 Kye: 43 years old, Viviana: 38 years old 
9 Length = 18 cm, width = 6 cm 
10 Vanilla thick shake: $5, fruity twirl: $3 
11 Carlos: 37 years old, Ella: 17 years old 
12a i Joe's: $60, Paul's $150 
ii — Joe's: 20 c/km, Paul's 10 c/km 
iii Joe's C = 0.2k + 60, Paul's C = 0.1k + 150 
iv 900 km 
b Joe's if you are travelling less than 900 km and Paul's for more 
than 900 km. 


8G 

Now you try 

Example 21 

(4-1) 

Example 22 

(1, 3) 

Example 23 

(71. 2) 

Example 24 

The two numbers are 42 and 55. 

Example 25 

Buckets of chips cost $4 and drinks cost $2.50. 

Exercise 8G 

1а- b+ c + 

2абх-4у--2 b 9х – бу = -3 
с 12x - 8y = –4 

зав b E 

4 a (6,1) b (3,4) с (2,7) 

5 a (7,2) b (3,8) c (4,1) 

6 a (2,5) b (2,3) c (4,2) d (2,2) 

7 a (1,1) b (2,1) с (2-1) 

8 a (4,1) b (1,3) c (5,1) 

9 а (4,—3) b (1,1) с (2,0) d (1,1) 

10a (1,1) b (4,2) с (3,4) 

fla (3,1) b (1,—10) €: (—2,—3) d (0,1) 
e (71,2) f (5.-2) 


12 Ayden: 36 years old, Tamara: 20 years old 
13 a Let a be the number of apples and m be the number of mangoes. 
10a + 5m = 1250, 
15а + 4m = 1350 
b Apples: 50c, mangoes:$1.50 
с $8.00 
14 Children: 2500, adults: 2500 
15 a Let; be the number of multiple-choice and s be the number of 
short-answer questions. 
р 2m + 35 = 50, т+ s = 22 
с 16 multiple-choice questions 
16a х-у-16,х-у-2,х-9,у-7 
b х+у=30,х— у= 10, х = 20, у = 10 
с 2х+у= 12, х+у= 7,х= 5,у= 2 
17a х= 1,у=2 b х=2,у= 2 
18a i 2+30 ii d+30 
b g=d+31,¢+30 = 2(d + 30) 
с Gordon is aged 32 апа his daughter is aged 1. 
19a (4, –3) b (1,1) с (3,4) 4 (2,2) 


иа 
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Maths@Work: Nurse 


1a 15mL b 0.6 mL c imL 
d 2 capsules e 5tablets 
2 a 114mg b 107 mg 
c 27mg d 471 mg 
3 а 41.7 drops per minute 
b 9:30 p.m. Tuesday 
c 75 minor 1 h 15 min 
4 Time in | Time in hours 
Starting | minutes | and minutes | Ending 
time for IV for IV time 
4:15 p.m. 315 5:15 9:30 p.m. 
10am. | 222.2222 3:42 1:42 p.m. 
1:25 p.m. 640 10:40 12:05 a.m. 
6 p.m. 750 12:30 6:30 a.m. 
2ат. | 977.7778 16:18 6:18 p.m. 


Puzzles and games 
1 Each row, column and diagonal adds to 6. 


9 -5 -4 6 
-2 4 3 1 
2 0 -1 5 
-3 T 8 -6 
2a 64 b 8 с 29.3 d 18 years old 
3 Many possible equations; e.g. 3x + 2 = —4; 5: = —5; 2(х +5) = 6. 


4 Many possible simultaneous equations; e.g. x + у = 1,2х – у = 8. 
5 Toowoomba 

6 a 45 b 117 km 

7 Emily was jogging at 11.5 km/h and cycling at 23 km/h. 


Short-answer questions 


1 aa=8 b т=—30 б x--8 
d х-8 e m=0 f w=15 
g m= –0.2 h w=4 i r=6 
2ат-2 р w=8 цав: i 
d w=8 e т= 14 f m=3=13 
8 2=2=15 h х= 1 i х= 3 
PAS 1 дээл цах, 
d х-2-15 e m-2, Ї хэд 
g х-2 h x=8 
4a p=4 b p=4 c p=-9 
d p=-2 e p--—5 f p= 
5 a 6x = 420, the number is 70. 
b x+8=5, the number is —3. 
с 9 = 12 the number is 108. 
d x+7=3, the number is —4. 
е x+2.3 =7, the number is 4.7. 
6 a b=8 b w=3.5 € x-24 
d т-10 е c=35 
7а т> -2 р п< 0.5 с x2-1 
d х-0 e x«15 
8 a x2-18 b m<3.5 сх»2 
d х«3 e х<8 f т>10 
9ax2-2 bx2-2 € x<0 
10a (1,2) b (2,3) с No point of intersection 
fia (1,6) b (3,2) € (0,0) 
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12а (3,2) b (5,—1) 
13а (—2,—3) b (2,1) 
14 4 and 11 
15 a x:number of 20-cent coins, у: number of 50-cent coins; 
х+ y = 160, 20x + 50у = 5000 
р 10020-сепї coins and 60 50-cent coins 
16 50 children 
Multiple-choice questions 
1С 28 3€ 4D 5B 6€ 
7D 8 B 9 100 ПА 12 Е 
13 В 
Extended-response questions 
1a P-6x-4 
bi x-22 ii 20 cm, 27 cm, 37 cm, 7 cm, 30 cm 
€ i х= 26; 24cm, 31 cm, 45cm, 7 ст, 38 ст 
ii x = 38; 36 cm, 43 cm, 69 ст, 7 ст, 62 cm 
2а1 C-70t450 ii C = 100 + 60; 
b 3h 
€ (5,400) 
Chapter 9 
Warm-up quiz 
1 a 15.84 b 164.87 c 0.87 
d 0.58 e 0.17 f 0.71 
g 12.99 h 14.30 
2 а 25 b 46.24 с 361 
d 225 е 43.25 f 81 
3 a 2.8 b 2.6 с 3.9 
d 32 e 3.6 f 3.0 
g 1.9 h 14.1 
ac bp бу 
4 РО е ВС ЁХҮ 
5a x-3 р x-4 C х=35 d х-9 
6 a m=3.65 0 m=1.2 c m=5.2 d m= 5.724 
7ax=0.6 b x=0.2 € x=2.1 d x-04 
e x-24 f x=9.2 
8a x-4 b х= 20 с х= 13 d х= 4 
9 а 30° р 50° с 54° 
а 90° е 45° f 30° 
g 82° h 62° i 35° 
9A 
Now you try 
Example 1 
26 
Example 2 
12.5m 
Exercise 9A 
1 bande 
2a b 
H 
H 
3 а 22= х? +у? b 2 = т2 + п? с 52 = р2 +12 
4 а 25 р 34 с 45 
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5 a5 b 17 c 13 
d 25 e 41 f 15 
6 a 58cm b 7.3mm c 180m 
d 11.2 km e 8.6cm f 12.8cm 
7 a 8.91cm b 3.62m с 5.02 km 
d 13.95 mm e 17.49cm f 24.21cm 
8 181.5cm 
9 353m 
10 13m 
1 5.28 т 
12 2.64 т 
13 494.97 т 
14а № р № с Үеѕ 
4 Үеѕ е № f Yes 
15a 1 AC=11.2 ii BC = 30.4 
iii DB = 21.2 iv AD = 292 
b 92m 
с 400 m2 
16 P = 143.0 m B 
9B 
Now you try 
Example 3 
3 
Example 4 
17.0 
Exercise 9B 
1 a 10 р 24 c 41 d 1.5 
2 a w*=102 – 62 b x? =132 – 52 
c p? = 302 – 182 
3 а 172 = 82 +w? b 132 =m? + 52 
с 152 = x? + 92 
4а4 b 7 c 8 
d 5 e 14 f 48 
5 a 7.1 b 13.3 с 12.3 
d 6.2 e 6.6 f 16.2 
6 a 7.14 b 13.90 с 3.87 
d 133.84 e 17.89 f 39.19 
7 5.66m 
8 2.2m 
9 3.2m 
10a i 3ст ii 5.2 cm 
b 15.6 cm? 
1 7.4 cm 
12a 7.1 b 4.5 6.5.2 
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9C 


Now you try 


Example 5 
5m 


Example 6 
36.1 km 


Example 7 
9.22mm 


Exercise 90 


S 


b APRO and ARQO 
b AB 
e RT 


ом 
£5 
EN 
БУ 


100 т 


25 т 


с 103.08 т 
а 8.6т 
6.9 кт 
а 10 km 
a 10.6 
25.04 m 
10a 11.18m b 12.2m 
11 Horizontal = 45.25 cm 
Vertical = 71.66 cm 
12a 4.77 т 
13a 11.2m b 8.1cm 
14a 1.41 cm b 1.73cm 
15 e ЛРОК is a right-angled isosceles triangle 
e With ZP = ZR = 45° 
• The hypotenuse = V200 cm 
e РО=ОК=10ст 
e Perimeter = 34.1 cm 
* Area = 50 cm? 


b 13m c 10m 


b 41km 
b 10.8 


c 17 km 
c 15.8 


оомо со 


b 4.90 ст 
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9D 
Now you try 
Example 8 


Example 9 
7 


58 


Exercise 9D 


о Фф a о 
"v 
2 
e 
5 


eN VIS SIS 
aw міх s/s 519 


N 
A 


12 Ч 
= й 


со 
apa № 
ale 3] 

= 

©з 
la Sia 


= 
со 


11 


NIS RI 
SIN &IN 


[е 


-а 
со 
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A 
И 
| Р 
А 
"Ч | 
Н 
(0) 
б ТР 
f zT 
BA d BA 
4 
5 
iii^ 
с 
iii Z 
т 
Шш 2 
x 
iii 4 
3 
i2412 
10 5 
SN 
Ш — 
5 
b 6 3 
2- 1 i575 
8 4 9 
9 673 "л 
y 
wa 
B 
[^ 
S 
P 
a 
о 
2 у 
x x 
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9 a sina b tang c sing d cos@ 
e cos 0 f tang 
10a Ок = 13m b sin@ => 
13 
b 43 - 
: 3 Е 1 
ci 008555, ii abis 
12 Angle (0) sin 0 cos 0 
0? 0 1 
5? 0.087 0.996 
10° 0.174 0.985 
15° 0.259 0.966 
20° 0.342 0.940 
25° 0.423 0.906 
30° 0.5 0.866 
35° 0.574 0.819 
40° 0.643 0.766 
45° 0.707 0.707 
50° 0.766 0.643 
55° 0.819 0.574 
60° 0.866 0.5 
65° 0.906 0.423 
70° 0.940 0.342 
75° 0.966 0.259 
80° 0.985 0.174 
85° 0.996 0.087 
90° 1 0 
а 45° 
bi 85 ii 80 iii 30 iv 0 
с If angles Ө and œ sum to 90°, sin 0 = cos с. 
d It's the same as the complement of sine. 
9E 
Now you try 
Example 10 
3.86 
Example 11 
а 1.03 b 8.78 с 14.18 
Exercise 9E 
1 a 0.1736 b 0.9848 с 0.1763 d 0.5774 
e 0.7660 f 0.9397 g 0.1736 h 0.8391 
i 0.9848 
2a 242 b 5.07 с 31.18 4 46.43 
е 8 f 18.79 
3 a sin b cos c tan 
d cos e tan f sin 
4 a х= 1.37 b x=5.12 
с х= 91.44 4 х= 13.86 
е х= 9.19 f х= 9.19 
5 а 0.39 b 4.50 с 2.60 d 11.15 
e 16.80 f 575 g 7.83 h 13.49 
11 
6 a 2.11 b 4.02 c 1.88 
7 a 5.36 b 1.27 с 0.52 
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8 a 5.49 b 8.51 с 9.23 
9 a 3.76 b 2.12 с 2.80 
d 4.94 e 4.14 f 0.75 
10a 26.33 т b 52.66 т 
11 6.96 т 
12a w-127,122.72 b w=0.68,/ = 1.88 


с w=3.06,/ = 2.57 
13a a=35,b=3.2,x=1.4 
b a=3.464, = 3.139, х = 1.327 


с Itis better not to round off during the process as sometimes it can 


change the final answer. 


OF 
Now you try 
Example 12 
a 4.99 b 10.44 с 3.54 
Exercise 9F 
1 а 17.32 b 13.86 
d 19.84 е 24.69 
2a 10 р 18 с — 
X т х 
3€ 
4 а 877 b 9.44 с 8.49 
5 a 4.62 b 23.39 с 2.86 
6 a 5.96 b 1.62 с 1.72 
7 a 473 b 6.19 с 6.14 
e 26.08 f 27.82 
8 2.54m 
9 13.9m 


10a AB = 42.89ст, BC = 20cm 
b AB=5.32m, ВС = 1.82 m 
с АВ = 14.62cm, BC = 13.74cm 
fla 7.464 т b 7.727 m 
12a 30.5 т b 17.5 т 
13 а 17.16 b 30 с 4.01 
e 51.13 f 


Progress quiz 


1 a 26m b 10.3m 
2a x-6 b x=7.1 
3 4.0 inches 
4 447m 
5 12.6cm 
_ 40 ; _ 9 _ 9 
6 а cos 8 = 27 b зп0= 2: с tand=7 
7 а х= 10.9 b х= 6.3 
8 а х=8.7 b х= 6.7 
9 a,b 15.6 ст? 
96 
Now you try 
Example 13 
a 46° b 68° с 53° 
Example 14 
a 36.87° b 27.49° с 73.95? 
Exercise 9G 
1 sin30° = 0.5 and sin 1 (0.5) = 30 
2 а 45 b 30° с 58° 
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5 b sin 0-2, c tan 0-2 9| 


539 619 d 45° Now you try 


3 a cos 0= 0 
с 

537 : 48° һ 6° Example 18 
0 
с 


4 а 30° 
е 41° 
[:37° 
m 42° 
5 a 60° 
е 53.13° 
6 a 42° 
e 54° 
i 40° 
7 10.62° 
8 15.95° 
9 46.66° 
10 а 36.9°, 53.1? b 34.85, 55.29 
с 36.95, 53.1? d 26.65, 63.4? 
e 68.29, 21.8? 
1 Pitch 4 = 47°, B= 43° 
12a 5.54m Ы 597m igs OOk 
13a 12° b Yes c 286.4 cm zu 


— 


81? 73? | 60° 
48? 
45? 
68.20? 
56? 
67° 
77° 


64.16° d 48.59? 


e 
о 
R 

o 
a 


49° 
50° 


— = со к сг soe to 


zu 
сл 
wo 

о 
= 


х Кт 
W Example 19 
Now you try 187.9km 


Example 15 Exercise 91 


28 т 
1as bw c N d SW 
Example 16 2av b iv ci 
137.2m iii e vi f i 
130° b 340° c 090° 
128° e 313° f 355° 
north b east с west d 060° 
240° 


3 
Example 17 


8 


B 
о оо о о о 


єл 


Exercise 9H 


1 a depression b elevation с horizontal 
2 a 30° b 30° с 60° 


3 a b A 


2 m 
30m 


21.88 m 
6.06 m 


a 43.5 m c 23.41m 
d 
5 a 112.0 
d 
a 


536.29 m f 38.97 m 
49 m c 86m 
9260 m 

29.7° с 5.7? 
48.39 


105 т 
26.69 
d 47.1? 
7 38.35 m 
8 1.25 km 
9 280.04 m с N 


10a 30° b 30° c Equal due to parallel lines 
d 1.7 
11 Answers will vary. 
W < E Ө »E 
10 km 
12 km 
S 
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СО с> со с> со cC 


6 6.9 кт 
7 3.86 km 
8 93.97 km 
9 a 51.42 km b 61.28 km c 320° 
10 a 60 b 78.10 km 
50 
с 50° d 050° 
tla = 8-0 b 12.8 km 
10 
уу 
с 39° d 321? 
12 3.25 km 
13 115 km 
14a 18.03 km b 146° 
Maths@Work: Surveyor 
1 a 10.94m b 8.03m с 51.15 m 
d 38.55m e 145.90m f 1793.37 m 
2 а 1300m b 1174.87 т с 1835.79 т 
4 1081.67 т е 7342.33 т f 320° 
g 265° 
За True Distance | Distance 
Marker | bearing | Angle| east north 
A 055° 145° 80.28 56.21 
B 082° 207° 124.14 17.45 


149° 


D 078° 207° 102.14 21.71 
E - 192° - i 
b 429.19 m 
c 194.68 m 
d 066° 


324° 


Puzzles and games 


1 a West b SW 
2 63.29 т 
3 Answers will vary. 


c NW 


758 


Essential Mathematics for the Australian Curriculum 
CORE Year 10 


d 198° e 120° 


ISBN 978-1-108-87886-9 


Photocopying is restricted under law and this material must not be transferred to another party. 


419 H 
I |DIEIP R|[E[S|S | JOIN Y 
N E Р 
E G 5 0 
R ПАЮ ЈА СЕ МТ 
E |D А1М1011 |Ё 
Е OJN 
ТАТА МОЕ Е PIU 
ТАТ оО МОМЕ ТА ҮР (5 
01018 AJA OJE 
OJH E NIT S 
SIT A 6 |1 | 
| R Е10 Т 
М | N E 
EILIEIVAA[T|IL JO ММТ 
РҮ ТНА СОВА [5 
5 0688 Т 
Short-answer questions 
1 №, 8 4 42 + 62 
2 а 15.17m р 5.27 ст с 5.66 mm 
Заі BC ii AB iii AC 
bi AC ii AB iii BC 
4 a 0.57 b 0.96 c 8.14 
5 a 4.50 b 1.5 c 0.93 
6 a 6.31 b 12.94 с 4.16 
7 a 3.63m b 1.69m 
8 567.13m 
9 a 41.81? b 59.00° c 72.26? 
10a 45° b 424m 
fl a 2.3km b 1.9km c 040?T 
Multiple-choice questions 
1B 2E 3€ 4 B 5 С 
6€ 7D 8E 9A 10 C 
Extended-response questions 
1 a 54.46? b 130.25 m c 187m 
2 a 539 кт р 68° с 248° 
Chapter 10 
Warm-up quiz 
1a3 b 2 c 5 
2 а 4х+2) b 2xy-x с 2ab 
3 a 2a b -2m c 1842 
d —6x?y e - f 2x 
4 a 4m+4n р -6х-12 с 6x? +2x 
d Да — 8а? e 3x-7 f -2x+1 
5 a 7(x+1) b —9x(1 + 3x) б а(а+Ь) 
1 
ба 2 b 3 c 5 
Т81:1-31-21-110111 213 
y| 9 4 1 0 1 4 9 
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b B 
y 
A 
5 
ycx & 
3 
2- 
Ї 
TTo Ч 
Y 
8aT b F c T dT е F 
10A 
Now you try 
Example 1 
a -2х-06 b -15x+5 
Example 2 
a х2-6х-7 b 12x2-11x+2 
Example 3 
a x?+6x+9 b 4х2-4х41 
Example 4 
a x?—25 b 932-4 
Exercise 10A 
1 a PS b DOPS c DOPS d PS 
2 а ар+ас b ab-ac 
б actad+bc+bd d a? – b? 

3 а х2+2х b х2+4х+3 с х2+8х+ 16 
4 а 2х+10 b 3х - 12 с 5х – 15 
d 4х +8 e 6х- 3 f 12x+4 

g -10х-6 h —20x - 15 i 2x2 5x 
| 352-х k 2x — 2x? | 6x 3х2 

m —6x? – 4x n —18x? + 6x о —10x + 10x? 
5 a х2+10х+16 b х2-7х-12 

€ x24 12x 435 d х2-5х-24 

e x?^-x-30 f x2+x-6 

g х2-4х-21 h x? — 10x 4-24 

i x? 13х+40 | 622+ 13х+5 

k 1222 4 23x +10 | 1032 + 41x +21 

m 9x? – 9x - 10 n 20x? 42x 6 

0 6х2 + 5х – 25 
6 a х2+10х+ 25 b х2+ 14х+ 49 

с x?4 12x 4-36 d x?—- 6x49 

e x? — 16х+ 64 f x? - 20x + 100 

g 4x? +20x +25 h 253? + 60x + 36 

i 49x? - 14x41 
7 a x?-16 b x?-81 

c x?- 64 d 9x? – 16 

e 4x?-9 f 64x? — 49 

g 16x? – 25 h 4x? – 81 

i 25x? — 49 j 49x? - 121 
8a6 b 7 с 16 d 4 e4 f 
9 a3 b 3 c 3 d 8 e 1 f 
10a (x?- 12x 436) cm? b (x? + 10x – 200) cm? 
1 а -x?+7x b 10а — 28 

c x?- 81 d 4x? + 12х+9 
12a і x?45x і x24+13x+36 — iii 8x +36 

bi 36m? ii 68 m? 
10B 
Now you try 
Example 5 
a -4(х-9) b 7b(2b —3) 
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Example 6 
а (х= 10)(x + 10) 


Example 7 
4(a + 3)(a — 3) 


Exercise 10B 


1 2(x + 3) 
(x + 2)(x — 2) 

2а7 b 6 

-5 e 2a 


—5a h -3xy 


—3(4а +1) 

x(4x +1) 

6b(b — 3) 

5a(2 — а) 

—x(2+ x) 

(x + 3)(x — 3) 
(+7) - 7) 

(a + 4)(а — 4) 

(y + 12)(у — 12) 

(2х — 3)(2х +3) 

(1+ 9)(1 – 9y) 

(5х — 2у)(5х + 2y) 

(За + 7b)(3a — 7b) 
(2+ х)(2— x) 

(6 + a)(6 — a) 

(b *- aY(b — a) 

(2a + 3b)(2a — 3b) 

2(x + 4)(x — 4) 

6(y + 2)(y - 2) 

3(x + 5y)(x = 5y) 

3(2x + 3y)(2x — Зу) 
3(6x — 7y)(6x + 7y) 

i 100m ii 96m 
(10-0010-2) 
i 100m 

10 seconds 

60 b 35 
104 e 64 
153 h 1260 
i x? cm? 

(40 + х)(40 — x) cm? 
i 1200 cm? 

х= 30 


ii 96m 


f£ C) CX £0 (2 соо» с C) шоо "ee (D C) £D (2 (D ооо zj Z0 — чш с 0 £5 O zj A —du «@ сз сраз 22 c ә 


10€ 
Now you try 


Example 8 
a (х+9)(х+4) 
с (x—10)(x +2) 


з ~= J “rag 


= — — с = a — с 


b (4a — 9b)(4a + 9b) 


-4(х-01) 
(3х + 2)(3х — 2) 


518. мМ51ү 


3(3a — 5) 
—2(2y + 1) 
—b(2a + c) 
x(5x — 2) 
7а(2а — 3) 
6x(2 — 5x) 


(x + 5)(x — 5) 

(у +1)(у— 1) 

(b + 6)(b — 6) 

( + 20)(z — 20) 
(ба — 5)(ба + 5) 
(10 — 3x)(10 + 3x) 
(8x — 5y)(8x + 5y) 


(3+ у)(3— y) 

(10+ 3x)(10 – Зх) 
(20 + 5а)(20 — 5a) 
(Ay + 11х)(4у — 11x) 
5(х + 3)(x — 3) 

3(y + 4)(у — 4) 

3(a + 10b)(a — 105) 
7(3a + 4b)(3a — 4b) 


10A 


iii 36 m 
iii 36 m 


c 69 
f 40 


ii (1600 — х2) cm? 


ii 1500 cm? 


b (х+8)(х = 1) 


Example 9 

(х= 5)? 

Example 10 

3(x = 5)(х - 1) 

Exercise 10C 

1 a monic b constant, coefficient 

2 a 9,2 b 10,2 t53 
d 4,-3 е —8,3 f -10,3 
g -2,—5 h -12,-3 i 8,1 

3ai 5,3 ii (x 5)(x +3) 
bi 5-2 ii (x 5)(x — 2) 
сі —4,-2 ii (x — 4)(x - 2) 
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9 24m 

10 4 seconds 

fla х= 29 b 
12 2.5m 

13a г=+ 2.8 


х= 8 с х= М7 


d х= 2 


b Since, in this practical scenario, r is the radius, then r must be 


greater than 0; i 
b>0 
15a 540 
16a х=+5 
bi -5<x<5 
Tlax--42 b 


e x--3,2 f 


14 a 


10E 

Now you try 
Example 14 
а x=0,-7 


e. r — 2.8. 
b 5-0 
b 5-0 


c b«0 
c 5-0 


ii x »50rx«—5 
€ х-0,4 


4 
x=0,- h 
d =l, 


x-2-10,4 
«= 01 


р x=-6,= 


4 х-1,9 


4 a (х+6)(х+1) b (х+3)(х+2) 
с (х-3) d (х+5)(х+2) 
e (х+4)(х+3) f (х+9)(х+2) 
g (x—1)(x+6) h (х+3)(х—2) 
i (х+4)(х—2) j (х—1)(х+4) 
к (х+10)(х—3) | (х+11)(х - 2) 
m (х= 2)(x — 5) n (x- 4)(x - 2) 
о (x-4)(x – 3) р (х= 1)2 
q (x 6)(х – 3) г (x-2)(x-9) 
S (х- 6)(х+ 2) t (х - 5)(х+ 4) 
u (х- 7)(х+2) Ч (х= 4)(х+ 3) 
w (х + 8)(х — 4) х (х— 5)(х+ 2) 
5 а (х- 2)2 b (х + 3)2 
с (x46) d (x-7)? 
е (x- 9)? f (х= 10)? 
g (x44? h (x4 10)? 
6 a 2(x-5)(x 4*2) b 3(x+4)(x+3) 
€ 2(x+9)(x+2) d 5(x — 2)(x +1) 
e 4(х— 5)(х+1) f 3(x-5)x-2) 
g —2(х+4)(х +3) h -3(x - 2)(x - 1) 
i —2(х— 7)(х+ 2) | -4(х- 2)(x +1) 
k —5(x + 3)(х+ 1) | =7(х = 6)(х = 1) 
7 a 2(х+11)2 b 3(x- 4)? 
€ 5(x—5)? d -3(х-6) 
e —2(x- 7» f -4х-9) 
8 a i (х2+3х) m? ii (x2 + 3х – 10) m? 
р (x+5)(x – 2) шд 
c i 30m? ii 60 m? 
9 a x«6 b x-3 C x-3 
i= e —! (ca 
x+7 X= 5 х-6 
gx-2 h х+1 i x-8 
10D 
Now you try 
Example 11 
a х=+8 b x=+3 
c No solution 
Example 12 
а x=+ 29 b x=tViT =+3.3 
Example 13 
a x-t5 b No solution 
б х= N15 d x--3 
Exercise 10D 
1 1,4,9, 16, 25, 36, 49,64, 81, 100, 121, 144 
2 a 16 b 81 с 49 d 9 e 64 
f 1 
3a6 р -7 с —10 d 0 e 20 
f 40 
4ac>0 р c=0 : c«0 
5 ax=+5 b x= б x=+6 
d^ EET e No M f No solutions 
g x=+20 h ue i x-x5 
| х=+4 k x=+ | No solutions 
mx=+8 n х= | 0 х=+6 
баі x=+V14 ii x =+ 22 iii x =+ V17 
iv No solutions Ч х=+ 5 vi х- 6 
vii x =+ 421 viii x =+ V6 ix +V15 
bi x=+3.5 ii x =+5.9 ii x =+ 5.5 
iv x 2t 7.9 
та х=+2 b х=+9 с No solutions 
d No solutions e x=+3 f х=+ 15 
g х= 13 h х=+1 i х= ү2 
| х--7 k No solutions | x= 
8ax=+4 b x=+3 с х=+3 
d х=+5 8-Х-22 f No solutions 
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Example 15 
x=0,-6 


Example 16 
x-t9 


Example 17 
а x-2—5,-6 b 


Exercise 10E 


x=4 
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1 aa=0,b=0 b common factor, common factor. 
2a 
х -23:|--2:1 =] 0 1 2 
(x-2(x-1)| 4 0 1-2 |-21 0 4 
b 1,-2 
с —3,2 
3ах-2,2 b x+4,1, 
с хэ6,2х-7,-6,7,2 
4 a х-0,-1 b x=0,5 
c x=0,4 4 х-3,-2 
e х=—5,4 f х--1,1 
2 
xi h x=5,7 
gx X 3 
5 1 | MONT. 
| х=0, 4 1 ХЭ» 3 
5 2 mE x 
k хэр 5 | x= 8” 
5 a x=0,4 b x=0,3 
€ x=0,-2 4 х-0,4 
e x-0,5 f x=0,-2 
6 ax=-5,5 b x=6,-6 
€ х-10,-10 d х=3 -$ 
T 8,9 
жин 2 du 
7 a 3-2 =] р x--3,-2 0 х-2,4 d х-5,2 
e х=—6,2 T 25.3 g х-5,-4 
h x=8,-3 i x=4,8 | xs К х=—5 
| x=4 mx-7 n x-12 
8a2 b 2 c 1 d 1 e 2 
1-2 g 1 h 1 i 1 
9ai 32m ii 4.8m 
b 0,10 
c 10s 
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10a х--2,-6 b х=—1,11 6 a x-t5 b х=+6 
c x-3 d х-2 с х=+ 14 d No real solution 
11a 150 cm? e х=+\11 f x=-2 
b i x(x+5) ст? = (x? + 5x) cm? 7 a х= 00х= –2 b x=30rx=-3 
ii (x? + 5x — 150) cm? @ elec 
€ (x+15)(x — 10) cm? 2 
d 10 8 a х=00х=4 b x-60rx--6 
e 20 € x=5orx=-8 d x-0orx-2 
e xe dried x24 
2 2 
Tor 9 Length = 7 m, width = 3 m 
Now you try 
Example 18 106 
Width = 6 m, length = 12m Now you try 
Exercise 10F Example 19 
a i Minimum (—2, —9) ii x=-2 iii x = —5,1 
1ах-4 b x+10 e x-7 iv у=—5 
хе даж b i Maximum (1, 0) i x=1 iii x= 1 
2 а х2+2х-3=0 b x*-3x-5=0 iv p=-2 
2 y 
б x°+7x-4=0 
3 B,D,A,C Example 20 
4 b (x+5)m See table at bottom of page. 
0 x(x+5)= 24 
d х2 +5х – 24= 0, х = -8,3 Example 21 
e Width = 3 m, length = 8 m See table at bottom of page. 
5 a Width — 6 m, length = 10 т 
b Width — 9 m, length 2 7 m Example 22 
c Width = 14 mm, length = 11 mm See table at bottom of page. 
ба А=1х(х+2) һ Tide 
2 2 Exercise 10G 
c х2-2х-8-0 d х-2,1-4 
7 Height = 2 m, base =7 т Vey) Se [| =2 [o4 0111213 
8ах -х-132-0 y 9 4 1 0 1 4 9 
b -12,11 
с —12, 11 and 11,12 y 
9 8and9or —9 апа -8 И; 
10 15 М 
nim 
12a 3.75 т 4 
b 1=15,35 TM M || 
с The ball will reach this height both on the way up and on the 5 
way down. 2 
d ї=05, 48 Р 
81-28 
f The ball reaches a maximum height of 4 m. p 
g No, 4 mis the maximum height. If /; = 5, there is no solution. V 
13a х= 0,100 24249113511" 
b The rocket starts at the launching site; і.е. at ground level, and hits Y 
the ground again 100 m from the launching site. 
c 2mor98m 2 a maximum b (-2,9) c5 
d —5,1 e x=-2 
Progress quiz 3 a : Eve minimum ii x=2 iii -1,5 
1 a х2+8х+12 b 6х2 х – 15 b 1 (2,0), maximum ii x=2 iii 2 
с 6x? – 17x45 iv —1 
2 а х -12x 4 36 b 4x? - 12x £9 c i (2,5), minimum ii x22 iii No x-intercepts 
c x?-25 d 93? – 16 iv 7 
3 а (х- 2)(х+ 2) b (у= 9)(у +9) d i (-3, 0), minimum ii x=-3 iii —3 
с (3x - 5)(3x 4 5) d (4x — 7y)(4x + Ty) iv 4 
4 a (х+7)(х+2) b (х= 5)(х+ 3) e i (2, 2), minimum ii x=2 iii 1,3 
с (х= 4x - 1) d (х+5)2 iv 6 
5 a 2(x - 6)(х+6) b 3(2y - 3)(2y + 3) f i (0,3), maximum ii x-0 iii —3,3 
€ 2(х+7)(х—2) iv 3 
4 See table at bottom of page. 
5 See lable at top of next page. 
6 See table at top of next page. 
Там b iii су d iv ei f ii 
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Example 20 


Example 21 


Example 22 


162 


Ref in Turning y value when Wider or narrower 
Formula Max or min x-axis (yes/no) point x= than y = х2 
y= 13 Min No (0, 0) у= Ш Wider 
2 2 
у= -3x2 Max Yes (0, 0) y=-3 Narrower 
Ref in Turning y value when Wider or narrower 
Formula Max or min x-axis (yes/no) point x=1 than y = x2 
у=(х+1)? Мїп Мо (71, 0) у-4 $ате 
у=(х-3)° Мїп Мо (3, 0) у-4 $ате 
Ref in Turning y value when Wider or narrower 
Formula Max or min x-axis (yes/no) point x=1 than y = х2 
y=x -2 Min No (0, —2) у=-1 Same 
y=x +1 Min No (0, 1) y=2 Same 
Reflected in the Turning y value when Wider or narrower 
Formula Max or min x-axis (yes/no) point х-1 than y = х2 
у= 3x? Min No (0, 0) y=3 Narrower 
y EUM Min No (0,0) y E Wider 
2 2 
y=2x? Min No (0,0) y=2 Narrower 
у= 4x? Max Yes (0,0) y=-4 Narrower 
у=- — Max Yes (0, 0) у=- : Wider 
у= 2x? Max Yes (0, 0) y=-2 Narrower 
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5 Formula Turning point Axis of symmetry y-intercept (x = 0) x-intercept 
a у=(х+3)? (-3,0) x=-3 9 -3 
b y=(x- 1) (1,0) x=1 1 1 
с y=(x- 2? (2,0) x=2 4 2 
d | y=(x+4? (74,0) х=—4 16 -4 

б Formula Turning point y-intercept (x = 0) y value when x = 1 
a y=xX +3 (0,3) 3 у=4 
b y=x -1 (0,-1) =1 у-0 
с y=x +2 (0,2) 2 y=3 
d | y=x?-4 (0, —4) -4 y=-3 

ү y ii y 
„А A 
к " 
16 
12 
10 
є 
O 
m -5-4- -l5 2 
-5-4-3-2-!19| 12343 Y 
y b The constant / determines whether the graph moves left or right 
vi y from у = х2. 
by A па i 
20 A 
9 
8 
2 7 
8 E 
-4 
2 
< > x 
-5 4 -3 -2 -19| 1 2 3 m 
Y -5-4-3-2-10| 12 
b The constant a determines the narrowness of the graph. i Y 
y 
10a i y А 
8 
20 2) 
5 
2 34 
є 
-5-4- О 
ms tJ гээх 
-5 4 -3 -2 -1| 12341 
y 
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b The constant & determines whether the graph moves ир ог down 
from у = х2. 
10H 
Now you try 
Example 23 
a (0, 0) b 6 c +5.9 d +6 
e y 
A 
6 
0 1 2 
1 4 16 
є > x 
-6 6 
-6 
Y 
Example 24 
af x | -2 -1 0 1 2 
1 1 
(1,5) 
»X 
Y 
Exercise 10H b The same point (0, 1). 
c Makes it rise more quickly. 
1 а (0,0),r=3 р (0,0), "= 6 10a г=6 р = 9 с r=12 
с (71,0), = 2 d "= 5 e г= ү14 f r= 20 
2 B 11 32 +y? = 49 
3€ 12а С b A c B 
4 a (0,0) br 13a 1000 
5 a (0,0) b r=3 b i 2000 ii 8000 
с y-t22 d х=+3 c i 2years ii 4 years 
° А bó 2|-1|-1|1]1|2 
А xd E E 75 5 
3 2 2 
y -3 -1 -2 2 1 2 
ч z= xX b 
-3 3 
-3 
y 
6 a (0,0) br-5 
с y-t3 d х=+5 
i 1 15 
А а 1 
5 3 1 3 
9 3 1 
р 
== э»-Х 
-5 5 
-5 
Y 
71815:1-1-1011 (2 
1 1 
у 9 3 1 3 9 
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Stopping distances at various speeds 


Ї 
100 km/a л 
Ї 
ox ИН 
| 29 
son УРИН = 
тотал | 22 
El Reaction distance in m = 
ыш ызыны | Breaking distance in m 
50 km/h с 
т" A 
з0 къл НГ | 
20km/h 
10 km/h | 
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 
Maths@Work: Driving instructor 8 25 km/h 
1000 5 3600 18 1 
3600 18 1000 5. Short-answer questions 
2 a 11.11 m/s b 13.89 m/s с 16.67 m/s 1а-2х-2 р x243x 
d 19.44 m/s е 22.22 m/s f 27.78 m/s xan? d 3324 11x — 20 
3 R-07xs e x? —16 f 2532-4 
4 a 7.78m b 9.72m c 11.67m g x?44x44 h x? – 12x +36 
d 13.61m e 15.56m f 19.44m i 12x? — 23x + 10 
5 а 6.17m b 9.65 т с 13.89 т 2 ах -3х b х2+4х+4 
d 18.90 т е 24.69 т f 38.58 т с 4х2 + 18x 
6 а D-07575. 3 а 3(x-3) b —4(x +4) 
> € x(x+2) d b(a- 1) 
b A quadratic equation. 
с The total stopping distance increases by larger and larger amounts ООО 20 oe 
as the s йм: di : ыар ай ОРО 
Ta p : € (2х+1)(2х-1) d 3(х+5)(х— 5) 
Speed Reaction | Braking мора деч DO) ГОА ОИСИ 
in | Speed | distance | distance | distance 5 a (x+2)(x+3) b (x= 3)(x +2) 
km/h | in m/s іп m іп m іп m с (х- 6)(х – 2) d (х+12)(х– 2) 
0 0 0 0 0 е (х+10)(х—5) f (х 8)(х – 4) 
10 | 278 1.94 0.39 2.33 g œ- 2s h (+10)? 
20 5.56 3.89 1.54 5.43 | (24:20) 
30 | 833 5.83 347 9.31 ба +11 b +3 c +45 
40 | 1111 7.78 6.17 13.95 та “тш b x=3,-7 
50 13.89 9.72 9.65 19.37 с x= 2” -4 d x=0,3 
60 16.67 11.67 13.89 25.56 
70 19.44 13.61 18.90 32.52 e x=0,-6 Ї х= 0,5 
80 22.22 15.56 24.69 40.25 Ш 2 
90 | 2500 | 1750 3125 48.75 8 a x=0,-4 b x=0, A 
100 27.78 19.44 38.58 58.02 0 x=5,-5 @х=+ 3 
110 30.56 21.39 46.68 68.07 тэ i37 
b 50 km/h; 19.37 m g x=4 h x=-5 i x=-9,4 
с i 50km/h ii 90 km/h 9 Length =8 m, width = 6 m 
d i 21% increase in braking distance. ii 44%; 69% 10 a Minimum at (1, —4) b x=1 с —1and3 
e See figure at top of next page. d -3 
f i 50km/h ii 70 km/h 11 See table at top of next page. 
iii 90 km/h iv 100 km/h 12a y 
А 
5 
Puzzles and games 
2 а (х+4)2 m? = (x? + 8x + 16) m? b 6 a гээх 
3 14cm by 20 ст 
4 12,14 or -14, 712 
5 64and8 `5 
6 5ст Y 
7 а 7х-6 р —4x 0 х-3 
765 
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Maximum or Reflected in the Turning y value Wider or narrower 
Formula minimum x-axis (yes/no) point when x = 1 than y = х2 
у= 2x? Min No (0, 0) 2 Narrower 
b y=- px? Max Yes (0, 0) -3 Wider 
с у=(х— 2)? Мїп No (2,0) 1 Same 
d y=x -2 Min No (0, —2) -1 Same 
b y b (72, -5), (71, -3), (0, -1), (1, 1), (2, 3), (3,5) 
A с y 
A 
2 (0, 0) 54 
4 4 
жа 7 э»-Х 3- 
2 = 
-2 
Y 
13a y 
(1, 2) 
1 
4 a AB midpoint (1, 2), length = v68, gradient m = 1 
zx 
(0) 
| b РО midpoint (—1, —1), length = 72, gradient m = —1 
с ST midpoint (2, 0), length = 4, gradient undefined 
b 4 5ат-2 bm--3 
(1, 4) 6 a PO length = N41 b RM length — N89 
7 a TK midpoint (4, 8) b FG midpoint (1, —2) 
1 8 a Line J: y-intercept = —2, m = 2, y = 2x — 2 
1 TuS Line K: y-intercept = 6, m = — 2 у= -5x +6 
b (3,4) 
9a 
Multiple-choice questions 
1E 2 D З В 4С 5€ 
6 B ТВ 8 р 9E 10 C 
Extended-response questions С ни 
1ai х2 т ii (100 — x2) m? 
b (10+ х)(10 – x) m? 
c i 96m? ii 84 m? 
d х-5 
2ai (16+2x)m ii (12+ 2х) m 
b Area = (4x2 + 56x + 192) m? b 
c Trench = (4x? + 56x) m? 
d Minimum width is 2 m. 
Semester review 2 
m > xX 
Straight-line graphs 
Short-answer questions 
1 a $6000 b 8 years c $500 
2а1 16km ii 24 km iii 32 km 
b 16 km/h c 1.5 hours d 45 km 
е 2.5 hours f 18 km/h g 90 km 
3a[x[-2]|- й1112 
у -5 -3 -1 1 3 5 
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с у 
А 
є 7 > Х 
— m 
Y 
d y 
А 
PEE 
O 
y 


10 a x-intercept (3, 0), y-intercept (0, —6) 
b x-intercept (6, 0), y-intercept (0, —4) 


» X 


Multiple-choice questions 


1D 2E 3 B 4A 5D 
Extended-response question 
a B=100-2.4n 
b i $76 ii 30 movies 
€ [Number of movies, | 0 | 5 | 10 | 15 | 20 
Balance, B $100 | $88 | $76 | $64 | 552 
d y Balance from voucher 
А 
8120 
5100 
У $80 
8 560 
& $40 
520 
$0 
» X 
2 5 10 15 20 25 


Number of movie downloads 


е 41 movies, $1.60 remaining on voucher 
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Geometry 


Short-answer questions 


1 a 39 b 61 
d 75 e 70 
g 71 h 84 
j 120 k 135 
2 а ЛАВС = ADEF(SAS) 
b ASTU = AMNO(AAS) 
3 a Yes, (RHS) b Yes, (ААА) 
4 х= 1.8,у= 5 


Multiple-choice questions 
1€ 2E 3€ 4A 


Extended-response question 


a AAA b 2.5 c 5m 
Equations 
Short-answer questions 
1ах--9 р х= 26 

d а=4 e к= –6 
2ар-2 ba=4 с х= 12 
3а х=8 b k=3 

d х-5 e а=—4 
4ах-5-8,х-13 

р 4x+8=20;x=3 

€ 2(3x -6) 218; х= 5 
5 a b=10 

b P=400 
бах<4 bx>8 

че —4 

Та х<6 < >x 


с 127 
f 117 
i 110 
| 50 


€ Yes, (SSS) 


50 


Point of intersection 


-2 (3! 2) 
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b (2,0) b » Cost of electricity vs solar power 
3 : 
$12000 
3х+2у=6 $10000 
$ 58000 
3 $6000 
Point of intersection 
(2,0) $4000 
гээ x 52000 
О 
Number of months, п 
€ n= 24 months, Е = 5 = $4800 d Е=200л 
S = 6000 – 50n 
9 а (1,2) b (3,9) е (71,4) e 24 months f $6000 g 27 months 
10a (1,1) b (2,4) с (3,1) А . 
1 a Let a = Oliver's age, b = Ruby's age (any pronumeral selection Pythagoras’ theorem and trigonometry 
is correct) А i 
b a-b=7,a+b=45 Short-answer questions 
c Oliver is 26 years old, Ruby is 19 years old 1a PR b QR c РО 
2a J Ї с у 
Multiple-choice questions x x z 
3 a 0.64 b 0.63 c 0.32 d 7.50 
1€ 2D 3A 4B 5E 
e 31.25 f 4.59 g 36.88 h 32.33 
Extended-response question | 9.77 
4 a 11.40 b 0.83 с 6.02 4 14.69 
а 5 a 102 b 27.0 с 18.6 d 21.2 
n E 5 6 14m 7 895m 
8 a 60? b 37? с 77° 
0 $0 $6000 9 177.9 т 10 259.8 т 
6 $1200 $5700 ` : 
Multiple-choice questions 
12 $2400 $5400 1Е 20 ЗА 4 В 5D 
18 $3600 $5100 : 
Extended-response question 
24 $4800 $4800 a 
30 $6000 $4500 
36 $7200 $4200 
є 
42 $8400 $3900 
48 $9600 $3600 
b 312.6 km с 323.7 km d 316° 
768 
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Maximum ог Reflected їп y value Wider ог narrower 
Formula minimum x-axis (yes/no) | Turning point | when x = 1 than y = x? 
a у = 3x? Minimum No (0, 0) 3 Narrower 
һ “12 41 
vara Maximum Yes (0, 0) 2 Wider 
2 2 
€ | у= (х+2)2 Minimum No (-2,0) 9 Same 
d | y=x?-3 Minimum No (0, —3) -2 Same 
Quadratics and non-linear graphs Multiple-choice questions 
Short-answer questions 1B 2€ 3E 4A 5D 
1 а —2х+2 b 5225-6 Extended-response question 
с2х2-х-21 d x?-4 e х2 6x49 айй Ош? ii (400 — х2)т? 
f Ax? +4х +1 һ (20 + x)(20 — x) m? 
2a 3(x — 4) b -х(2-х) ci 384m? ii 319m? 
c (x45)(x—5) d (3х + 10)(3x — 10) d i 15 ii 10 
e (х+3)(х+4) 1 (x-3)(x+2) 
g (х+4)(х—2) h (х= 4)? 
і (х+3)° 
3a x-0,3 b x=0,-2 
33 
€ x--2,2 d x- 272 
е х-35 f x=5,-4 
0 x=-3,-7 h х= -4 | x27 
4 a (-1,-1), minimum b x--1 
c —2,0 d 0 


5 See lable at bottom of page. 
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